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PREFACE. 


As  bearing  upon  the  bodily  well-being  of  our  Troops  in 
India,  both  British  and  Indian,  which  has  been  to  me  the 
source  of  the  greatest  solicitude  and  interest,  I  welcome 
Lieutenant-Colonel  Hehir's  very  full  compendium  of  the 
laws  relating  to  health  with  special  reference  to  India. 

It  is  a  matter  of  general  comment ;  and  nothing  has 
more  insistently  arrested  my  attention  during  my  command 
in  India,  that  an  increasing  interest  in  the  prevention  of 
disease  has  been  awakened  in  all  ranks  by  the  diffusion  of  the 
elements  of  Hygiene  and  Preventive  Medicine  amongst  them  ; 
and  any  attempt  to  add  to  the  facilities  for  continuing  this 
must  have  my  warmest  commendation  and  approval.  With 
this  in  view  I  can  but  express  the  hope  that  Lieut. -Colonel 
Hehir's  book  will  have  a  wide  circulation  amongst  Officers 
and  others  in  a  position  to  profit  by  it  and  make  its  contents 
widely  known  and  acted  upon ;  and  so  I  wish  it  every 
success. 


Simla  : 
8th  September  1911. 


CM.  CREAGH,  Genl., 

C.-in-C.  in  India, 
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PREVENTION  OF  DISEASE  AND  INEFFICIENCY 


WITH  SPECIAL  REFERENCE  TO 

INDIAN  FRONTIER  WARFARE. 


INTRODUCTION. 

A.— Brief  Sketch  of  the  Physical  Geography 
OF  India  and  its  Frontiers. 

The  science  which  teaches  us  the  laws  of  heallh  and  the  methods 
of  their  observance  is  called  Hygiene  or  Sanitation.  The  term 
hygiene  is  derived  from  Hygiea,*  the  name  of  the  daughter  of  Jllscula- 
pius,  the  God  of  Medicine  of  the  Ancient  Greeks.  Amongst  these 
people  Hygiea  was  considered  to  be  the  Goddess  of  Health.  The  word 
sanitation  comes  from  the  Latin  sanitas,  which  also  means  health. 
Sanitation  is  the  science  of  preserving  health  by  the  prevention  of 
disease. 

Military  hygiene  deals  with  the  principles  and  practice  of 
sanitation  as  far  as  they  concern  the  health  and  efficiency  of  the 
soldier,  that  is,  it  deals  with  the  prevention  of  disease  among  soldiers 
in  peace  and  war. 

Wide  scope  of  the  subject. — The  subject  of  the  prevention  of 
disease  in  peace  times  in  cantonments  and  during  our  Indian  Frontier 
Campaigns  is  a  comprehensive  one;  especially  is  this  so  if  we  consider 
it  inseparable  from  that  of  the  physical  training  of  our  soldiers  for  war, 
and  when  we  take  into  account  the  diseases  likely  to  occur  under  the 
wide  range  of  climatic  conditions  that  obtain  in  our  Indian  Empire  and 
our  extensive  Indian  Frontiers. 

Limits  within  which  here  considered. — Before  proceeding  further, 
it  would  be  well  for  us  to  define  the  limits  of  the  subject  of  military 
preventive  medicine  which  we  propose  to  consider.  In  the  first  place 
we  will  deal  briefly  with  the  physical  characters  of  the  main  divisions  of 
our  Indian  Empire,  the  extent  of  our  Indian  Frontiers,  and  their  great 
diversity  of  climate  and  meteorology ;  then  with  the  physical  and 
general  training  of  the  recruit  and  developed  soldier.  Next  we  will 
take  up  the  subject  of  General  Hygiene,  including  in  it  the  water- 
supply  and  food  of  the  solider,  air    and  ventilation,  sanitation  of 


*  A  Greek  word  meaning  health. 
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disposal  of  diy  refuse  and  excreta  on  field  service;  followed  by  the 
Personal  Hygiene  of  the  soldier,  embracing  the  sub  ects  of  cleaniiness 
clothing  and  equipment;  the  chief  jDiseases  that  occur  in  soldiers  in 
mrrTr  the  march,  during  peace  manoeuvres,  and  in 

R  entier  Warfare  and  their  Prevention the  collection  of  Medical 
Statistics  of  campaigns  and  their  uses;  and,  lastly,  the  duties  of  the 
Medical  Personnel  connected  with  the  prevention  of  disease  in  troops 
in  warfare. 

^      In  the  part  on  Diseases  one  has  dealt  with  only  such  as  have  an 
influence  on  the  effective  fighting  strength  of  a  force.    The  account 
^  '^^  exhaustive,  and  only  such  phases  of  the 

individual  diseases  as  are  necessary  to  explain  the  rationale  of  our 
preventive  measures  have  been  gone  into. 

It  will  be  understood  that  it  is  not  our  purpose  here  to  deal  with 
the  organisation  or  equipment  of  base  or  field  hospitals  with  the  force 
or  on  the  hues  of  communication ;  nor  is  this  the  place  to  allude  to  any 
part  of  the  actual  treatment  of  the  sick  and  wounded ;  and  with 
regard  to  the  medical  2JersoniieUf  the  field  force,  only  such  remarks 
will  be  made  as  are  necessary  to  make  clear  the  respective  duties  of  all 
medical  officers,  from  the  Principal  Medical  Officer  of  the  Force  to  that 
of  the  medical  officer  of  a  unit  in  connection  with  the  prevention  of 
disease  and  inefficiency  in  the  soldier.  We  will  allude  to  the  man 
inefficient  from  sickness  only,  in  so  far  as  he,  by  reason  of  suffering 
from  infectious  or  communicable  disease,  or  preventable  acquired 
disease,  may  be  a  source  of  danger  to  the  army,  or  a  cause  of 
inefficiency.  The  habits  of  the  soldier  will  be  alluded  to  so  far  as  they 
affect  his  efficiency  in  the  field,  or  by  having  been  contracted  in 
peace  times,  may  affect  his  own  health  and  that  of  persons  dwelling 
with  him. 

To  enable  us  to  understand  the  foundations  upon  which  our  pre- 
sent-day preventive  measures  are  constructed,  it  will  be  necessary  for 
us  to  deal  with  a  certain  amount  of  elementary  physiology  and  chemis- 
try, the  principles  of  general  and  personal  hygiene,  and  to  say  a  few 
words  about  bacteriology;  and  in  doing  so,  one  will  endeavour  to  show 
how  they  are  connected  with  the  practical  part  of  preventing  disease  in 
the  field.  It  is  first  necessary  for  us  to  briefly  consider  some  of  the 
general  geographical  and  climatic  conditions  of  the  area  of  territory  inclu- 
ded in  the  Indian  Empire  and  its  Frontiers. 

The  total  area  of  British  India  is  about  If  millions  square  miles. 
The  shape  of  India  on  the  map  is  that  of  a  large  triangle  having  its 
base  on  the  Himalayan  mountains  and  its  apex  running  into  the  Indian 
Ocean.  Its  western  coast  is  washed  to  a  large  extent  by  the  Arabian 
Sea,  and  south  of  this  by  the  Indian  Ocean,  its  east  coast  by  the  Bay 
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of  Bengal.  It  extends  from  the  8th  to  the  35th  degree  of  north  latitude, 
its  greatest  length  is  about  1,900,  its  greatest  breadth  being  also  about 
1,900  miles.  'Jo  this,  for  our  purposes,  is  also  to  be  added  Burma,  on 
tlie  east  shores  of  the  Bay  of  Bengal.  A  line  stretching  from  Karachi  to 
Calcutta  may  for  practical  purposes  be  said  to  run  with  the  Tropic  of 
Cancer,  the  triangular  peninsula  of  India  below  this  being  in  the 
tropics,  and  the  broad  irregular  area  north  of  it  in  the  sub-tropics. 

The  further  to  the  south  of  the  triangle  the  greater  is  the  approxi- 
mation to  an  equitorial  climate,  equability  tending  to  two  rainy  seasons 
and  no  real  cold  weather.  In  the  sub-tropical  region  we  have  a  distinct 
cold  and  a  hot  weather,  and  one  rainy  season,  and  the  farther  north 
we  proceed  the  more  emphasised  are  these  different  seasons. 

In  a  general  way,  if  we  exclude  Baluchistan  and  Burma,  we  mio-ht 
divide  India  into  three  well-defined  tracts:— (I)  The  Himalayan 
region,  with  which  our  Frontiers  are  concerned  will  be  dealt  with 
later  on;  (2)  the  region  stretching  southwards  from  the  base  of  the 
Himalayas  and  comprising  the  plains  of  the  great  rivers  which  issue 
from  them;  and  (3)  southern  tableland  or  Deccan,  which  slopes 
upwards  again  from  the  edge  of  the  river  plains,  and  consists  of  a 
high  three-sided  tableland  bounded  by  the  Vindhya  Movintains  on  the 
north,  and  by  the  Eastern  and  Western  Ghats,  which  run  down  the 
coast  on  either  side  until  they  meet  at  a  point  near  Cape  Comorin.  The 
three-sided  tableland  thus  enclosed  is  broken  by  peaks  and  ranges 
interspersed  with  broad  expanses  of  level  uplands,  and  covers  the  whole 
of  the  southern  half  of  the  Peninsula  of  India. 

The  Indo-Gangetic  depression  forms  a  large  area  which  includes 
the  Punjab,    Rajputana,  and  8ind  in  the  north-west,  the  United 
Provinces  in  the  centre,  and  a  great  part  of  the  Province  of  Bengal 
with  the  Deltas  of  the  Brahmaputra  and  the  Ganges,  on  the  north-east! 

J'  This  great  stretch  of  low-lying  plain  reaches  from  the  Himalayas 
to  the  Indian  Ocean  on  the  west,  and  to  the  Bay  of  Bengal  on  (he 
east,  and  includes  the  main  arteries  of  the  great  river  system  of  the 
Indus,  Ganges,  and  the  Lower  Brahmaputra.  The  river  system  of  thic 
region  is  grouped  into  the  Indus  system  on  the  north-west,  and  the 
Ganges  and  Brahmaputra  on  the  north-east.  The  prevailing  physical 
characters  of  the  country  comprising  these  two  great  areas  of  the 
Indo-Gangetic  depression  dii^er  in  many  essential  "particulars  ;  in  the 
east  there  IS  endless  irrigated  fertility,  but  in  the  western  arm  a  flat 
treeless  landscape  stretches  like  a  broad  grey  sea  to  a  level  horizon.''* 

Between  the  Indus  and  the  Jumna  flow  the  five  rivers  of  the 
Punjab  the  Jhelum,  Chenab,  L'avee,  Beas  and  Sutlei.-all  S  wh  ch 
unite^to^f^^  j,.' ^  near  Mit^ankot 

*  Encyd.  Brit.,  Vol.  XII,  p.  732.  '  ' 
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The  whole  of  the  Indian  Empire  is  for  the  purpose  of  classifying  and  compaiing 
vital  statistics  of  the  army  in  India  divided  into  12  geographical  groups,  which 


(1)  Burma  Coast  and  Bay  Islands  ;  (2)  Inland  Burma  ;  (3)  Assam  ;  (4)  Bengal  and 
Orissa  ;  (5)  Gangetic  Plain  and  Clmtia  Nagpur  ;  (6)  Upper  Sub-Himalayan  ;  (7)  North- 
western Frontier,  Indus  Valley  and  North-West  Rajputana ;  (8)  South-East  Rajput- 
ana,  Central  India  and  Gujerat ;  (9)  Deccan  ;  (10)  "West  Coast ;  (11)  Southern  India; 
(12)  Hill  Stations,  Convalesent  Depots,  and  Sanitoria. 

The  Indian  Empire  included  in  these  12  geographical  areas  inclinie  great 
varieties  in  climate,  embracing  aa  it  does  the  highest  mountains  of  the  world  at  one 
extreme,  and  extensive  river  deltas  at  almost  son-level  at  the  other. 

The  northern  or  sub-tropical  part  of  India  possesses  a  large  number 
of  conveniently  accessible  hill  stations,  extending  from  Thandiana  near 
Peshawar  on  the  north-west  to  Darjeeling  in  the  north-east,  which 
serve  the  very  important  purpose  of  giving  habitation  to  a  large  num- 
ber of  our  European  troops  for  at  least  part  of  the  hot  weather.  These 
have  all  elevations  of  over  5,000  feet,  some  over  7,000.  The  southern  or 
tropical  triangle  contains  but  few  of  these — the  most  important  being 
Panchgani  in  the  Western  Ghats,  and  Wellington  in  the  Nilgherries. 

Territorial  boundaries  of  the  Frontiers  of  India.— Eoughly  speak- 
ing, the  territorial  boundary  of  the  P'rontiers  of  India  may  be  said  to 
begin  at  a  point  about  400  miles  west  of  Karachi  (at  the  south- 
western extremity  of  Baluchistan)  ;  thence  it  traverses  in  a  northerly 
direction  the  arid  plain  of  Baluchistan,  with  its  extremes  of  climate 
(in  which  a  diurnal  range  of  temperature  of  80^  Fahr.  is  not  unknown),* 
until  it  approaches  the  Seistan  Swamp  ;  and  bearing  due  east  until 
it  strikes  the  Suliman  Range,  which  it  follows  in  a  north-easterly 
direction  following  a  short  westerly  deviation,  to  include  the  Kurrum 
Valley,  it  strikes  the  Safed  Koh,  and  courses  along  these  impassable 
mountains  until  it  reaches  the  Khyber  Pass,  Thence  it  travels  in  a 
northerly  direction  through  Jumrud  on  the  Cabul  Eiver,  until  it 
comes  to  the  Hindu  Kusb,  which  it  follows  up  to  its  junction  with 
the  Great  Karakorum  Range.  The  frontier  here  passes  through 
immense  altitudes  with  an  intensely  cold  climate,  and  arrives  at  the 
southern  extremity  of  the  Pamirs.  From  the  Karakorum  the  boundary 
dips  south-west  across  the  upper  reaches  of  the  Indus,  until  it  meets 
the  stupendous  Himalayas,  which  form  its  northern  limit  as  far  as 
Kumaon.  Here  it  makes  a  southerly  curve  and  runs  practically  east 
along  the  malarious  Terai  of  Nepaul,  Sikkim  and  Bhutan,  parallel  with 
the  Himalayas,  until  it  meets  the  Brahmaputra  rapids  uorth  of  Sadi- 
va  (Assam).  It  now  proceeds  eastwards  along  the  conventional 
boundary  between  Thibet  and  Burma  for  about  200  miles,  until  it 
reaches  the  watershed  between  the  Salween  and  Mekong  rivers.  1  hence 
it  runs  south  to  a  point  about  50  miles  from  Bhamo,  on  the  Irrawaddy. 
From  here  it  takes,  in  a  general  way,  a  south-easterly  direction,  until  it 
meets  the  Mekong  River,  passes  along  that  river  as  far  as  Khiang-ben, 

«  This  range  of  temperature  in  2i  hours  has  been  registered  in  Quetta. 
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at  which  place  the  boundaries  of  Burma,  Siam  and  French  Anam  meet. 
Thence  it  takes  a  westerly  turn,  along  a  range  of  hills  on  the  left  bank 
of  the  Sal  ween,  which  it  follows,  generally  due  south,  to  the  Isthmus  of 
Kra.* 

Varying  meteorological  and  climatic  conditions.— Eegarding 
meteorological  conditions  on  our  Indian  Frontiers,  we  may  have  at 
diflferent  times  of  the  year  variations  ranging  from  intense  tropical 
heat  as  in  the  Burma  Wars,  Malakand,  and  other  expeditions,  to 
almost  Arctic  cold,  as  in  the  Khanki  Valley  in  Tirah,  and  in  the  later 
stao-es  of  the  Thibet  Mission.  Such  variations  may  all  happen  in 
the^  same  expedition,  even  when  it  is  of  comparatively  short 
duration.  The  march  from  Kushalgarh  to  the  Samana  through 
Kohat,  in  September  and  October  1897,  was  extremely  hot  and 
responsible  for  some  cases  of  heat-stroke.  In  December  the  cold 
was  intense  in  the  valleys  between  the  different  ranges  of  hills.  The 
possible  vicissitudes  of  climate  and  weather  through  which  our  troops 
may  have  to  travel  was  well  demonstrated  in  the  Thibet  Mission,  which, 
starting  from  the  railway  terminus  of  Siliguri  1,306  feet  above  sea- 
level,  went  through  the  Terai,  then  the  gorge  of  the  Testa  Kiver,  and 
up  its  malarial  channel  to  Upper  Sikkim,  finally  passing  up  to  heights 
reaching  16,700  feet.  "  The  climate  to  which  the  force  was  exposed 
was  unprecedented  in  its  rigour  and  range.  These  extended  from  the 
tropical  climate  of  the  Terai  and  lower  Testa  Gorge  to  the  Arctic  cold 
of  the  great  passes,  and  the  inclement  Tliibetan  winter,  combined  with 
the  trying  effects  of  the  rarefied  air  of  these  immense  altitudes  on  the 
respiration  and  heart.  The  cold  frequently  was  positively  painful, 
especially  when  the  wind  blew.  The  lowest  temperature  recorded  durincr 
the  winter  was  on  the  Jong  Pass  on  the  night  of  January  7th,  when  the 
thermometer  registered  minus  26^  Fahr.,  or  58°  below  the  freezing  point. 
The  garrisons  at  Phari  and  Tuna,  and  tlie  convoys  which  daily  crossed 
the  passes,  led  a  miserable  existence  all  winter,  tormented  by  the  cold 
and  icy  wind  and  altitude.  At  Gryantse,  snow  fell  during  every  month 
of  summer.  The  rainfall  was  considerable.  Yet  with  all  this,  the  o-ene- 
ral  health  of  the  troops  was  very  good.  The  greater  portion  of  the 
sickness  and  deaths  was  unattributable  to  climate.  " 

Persistent  inclement  weather. — It  may  happen  that  the  force 
is  assailed  by  persistent  bad  weather — severe  cold,  raiu,  sleet,  snow 
and  storms  as  happened  in  the  Miranzai  Expedition  of' 189]  '  which 
owed  its  low  sickness  rate  to  the  foresight  which  provided  all  men  with 
tents,  excellent  warm  clothing,  water-proof  sheets,  and  such  beveraoes 
as  warm  tea  when  necessary.  Or,  that  a  column  has  to  move  rapidlv 
or  fight  in  a  burning  sun  for  days- the  result  of  the  former  as  reo-ard 
heat-stroke  in  the  35th  Sikhs  in  their  march  between  Nowshera'^and 


*  I  am  indebted  to  Gil],*.  C.  P.  lUnLow,  2/8th  Gurkha  Rifles,  for  liis  hpln 
working  out  tlie  above  boundaries.  ' 
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Malakand  to  the  relief  of  Malakand  in  1897  is  still  fresh  in  our 
memory.  Or,  the  force  may  have  to  pass  through  a  dry,  arid,  hot  and 
sandy  country,  as  occurs  along  much  of  our  North-Western  Frontier 
or  one  in  which  rain  falls  for  several  months  of  the  year,  as  our  North' 
Jiastern  Frontier.  Or,  again,  one  which  is  hot  and  enervating  from  its 
high  degree  of  humidity,  as  in  Burma  and  Assam,  or  one  that  is 
genertny  '^'"^"^''^'"S        '"^  Baluchistan,  Chitral,  and  the  Punjab 

Intense  cold  effects  of—Even  intense  cold  may  be  endured  by 
healthy  troops  without  much  hardship  or  inefficiency,  from  th^s  cause 
alone  Scorr  in  the  South  Pole  Expedition,  with  his  staff  and  men 
spent  a  whole  winter  many  degrees  below  zero,  and  in  darkness  with 
only  an  occasional  case  of  frost-bite  ;  Nansen  and  Johanson  spent  two 
winters  intaeir  North  Pole  Expedition,  and  both  actually  gained  in 
weight.  1  roops  when  well  clothed,  well  fed,  and  provided  with  warm 
shelter,  wil  tolerate  cold  without  injury.  In  Tirah,  the  nights  were 
frequently  below  zero  in  the  Khauki  Valley  early  in  December  and 
even  in  Karruppa  late  in  November;  yet  one  never  had  a  case  of 
actual  frost-bite  amongst  the  troops,  although  some  followers  suffered 
and  the  latter  rapidly  succumbed  to  disease  predisposed  to  by  the 
cold. 


Vicissitudes  always  trying.— Vicissitudes  of  climate  are  trying, 
extremes  of  climate  always  so ;  but  they  do  not  affect  the  fighting 
vigour  of  our  troops  so  long  as  they  are  in  good  health. 

Provision  against  climatic  influences. -Regarding  meteorological 
conditions  we  may  state  that  whilst  accidental,  and  even  normal  conditions 

vicissitudes  of  weather — snow, 
rains,  low  temperature,  and  tropical  heat,  have  occasionally  operated  dis- 
astrously on  the  health  of  troops  and  transport  animals,  on  the  whole,  such 
disasters  are  almost  always  to  some  extent  attributable  to  want  of  foresight 
in  not  preparing  for  ordinary  possible  contingencies.  The  grave  lessons 
in  the  history  of  Napoleon's  invasion  and  retreat  from  Russia  in  1812 
show  that  natural  causes  were  responsible  to  only  a  limited  extent. 
Frost  was  a  severe  enemy  even  in  our  campaigns  in  the  Peninsula  of 
Spain  and  Portugal,  and  it  is  on  record  that  alcohol  increased  the 
dangers  from  bad  weather  during  that  campaign.  With  reference 
to  this  latter  point  we  might  state  that  all  experience,  including  that  of 
several  Arctic  and  Antarctic  expeditions,  teaches  that  the  use  of  alcohol 
to  overcome  the  effects  of  cold  is  a  fatal  error.  No  fewer  than  150  of 
King  Joseph's  French  guards  were  frozen  to  death  in  the  Guadanama 
Pass,  and  the  sufferings  of  Alexander's  army,  morally  and  physically, 
in  the  Caucasus,  when  surrounded  by  what  seemed  eternal  snow,  are  his- 
torical facts.  Our  troops  in  Thibet  went  through  the  most  penetrating 
cold  for  months,  but  they  had  suitable  clothes,  posteens,  Gilgit  boots, 
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and  abundance  of  blankets  at  night.  "  Climate  remaining  the  same, 
the  inefficiency  from  mortality  and  disease  varies  with  the  perfection  of 
the  hygienic  arrangements."  This  holds  good  both  in  peace  and  war. 
In  peace  the  effects  of  improved  sanitation  have  been  shown  in  the 
progressive  decrease  of  sickness  and  mortality  in  the  army  in  India,  in 
the  West  Indies,  in  the  British  Isles,  in  tlie  French  in  Algiers  and 
Tonquin  and  in  other  European  armies  with  colonial  possessions.  We 
liave  also  several  instances  of  war  showing  the  advantages  of  improved 
preventive  measures  such  as  the  Hazara  Campaign,  the  recent  Thibet 
Mission,  in  the  Germans  in  '70  and  71,  the  Japanese  in  the  late 
war,  etc. 


Forethought  and  comprehensive  organisation  required  on  part  of 
Medical  Service. --The  conditions  of  warfare  on  our  Indian  Frontiers  are 
so  varied,  and  the  contingencies  to  be  met  so  numerous,  that  to  provide 
successfully  against  all  possibilities  as  far  as  the  medical  branch  of  the 
service  is  concerned  in  every  expedition,  much  forethouglit  is  needed. 
Every  medical  officer,  from  the  last  joined  subaltern  attached  to  a  field 
hospital,  to  the  Principal  Medical  Officer  directing  the  comprehensive 
medical  organisation  of  a  whole  campaign,  has  his  personal  responsibi- 
lities in  the  success  of  the  operations,  and  once  the  campaign  is  opened 
one  and  all  have  to  brace  themselves  to  a  strenuous  task.  The  Princi- 
pal Medical  Officer  and  sanitary  and  other  medical  officers  concerned 
will  have  thought  out  the  conditions  of  meteorology  and  climate  to 
be  dealt  with,  the  question  of  the  clothing,  food,  water-supplies,  camp 
sites,  sanitary  organisation  in  camps,  the  diseases  likely  to  harass  the 
troops,  the  care  of  the  sick  and  wounded,  the  method  of  gettino- those 
hors  de  combat  to  the  base,  and  all  the  other  questions  that  can*'  affect 
the  health  and  well-being  of  the  command. 


In  proceeding  against  a  powerful  enemy  with  modern  armament 
and  one  reqmrmg  all  our  resources  to  be  put  in  operation  at  an  early 
date,  the  strain  at  the  beginning  of  a  campaign  will  necessarily  be  o-reat  • 
and  every  medical  officer  with  the  force  will  be  obliged  to  puf  forth 
every  effort  to  prevent  anything  in  the  shape  of  a  breakdown  in  the 
medica  arrangements  Everything  should  as  far  as  practicable  be 
thought  out  beforehand,  and  preparations  made  to  meet  all  reasomblo 
contingencies.  Every  endeavour  will  be  made  to  press  forward'  all 
medical  and  surgical  equipment,  and  perso7i7ienikeIy  to  be  reouireH 
with  the  force.  During  an  outbreak  of  epidemic  infectious  or  com 
mumcable  disease,  the  resources  of  the  medical  department  will  be 
specially  strained;  during  such  times  every  medical  officer  with 
the  force  in  which  such  disease  occurs  must  exert  all  his  enercries  and 
skill  in  endeavouring  to  eradicate  the  disease  as  speedily  as  possib^ 
while  the  administrative  medical  officers  will  fonnulate  a  nla,  of 
campaign  against  the  disease  with  tlie  same  object,  and  issue  oXr«  ^1 
all  concerned  thereon.  '  "®  ^^^^^^  *° 
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An  epitome  of  the  Medical  History  of  our  Campaigns  a  deside- 
ratum.— As  with  the  combatant  bvanohes  of  the  service,  the  medical 
should  in  peace  times  be  constantly  employed  in  the  work  of  preparing 
for  all  possible  contingencies  likely  to  arise  during  war.  Tn  this 
connection  it  has  struck  one  that  a  valuable  instructional  work  might 
be  compiled  in  the  shape  of  a  collective  abstract  of  the  medical  histories 
of  all  our  Indian  Frontier  Wars  of  the  last  60  years.  The  value  of  the 
lessons  to  be  derived  from  these  histories  would  be  enhanced  by  abstracts 
of  similar  reports  of  our  wars  in  other  parts  of  the  globe,  and  of  those 
of  the  leading  armies  in  Europe,  in  America  and  Japan,  and  of  armies 
who  have  fought  in  tropical  and  sub-tropical  regions,  during  the  period 
named.  Some  such  record  might  then  be  made  available  to  every 
military  medical  officer  for  guidance. 

It  is  -well  known  that  long  before  the  out-break  of  the  recent  war  Manchuria 
was  carefully  explored  as  to  its  sanitation  by  the  Japanese.  The  information  thus 
acquired  helped  to  reduce  to  a  minimum  the  usual  epidemics  of  cami)aigns,  and  to 
achieve  what  no  other  nation  has  hitherto  attained  to  in  this  respect  in  a  large 
campaign. 

Work  of  Japanese  Medical  Ofacers  in  Manchuria.— All  recorded  evidence 
shows  that  the  medical  and  surgical  work  of  the  Japanese  Army  in  Manchuria 
appears  to  have  been  phenomenal.  Their  medical  officers  are  said  to  have  been 
ubiquitous.  They  were  seen  in  places  where  ours  never  go— as  much  in  the  front  as 
in  the  rear.  They  were  with  the  first  screen  of  scouts  with  their  chemical  apparatus 
examining  water,  labelling  and  permanganating  water-supplies,  when  necessary,  to 
ensure  tlie  following  army  a  pure  supply.  When  the  scouts  reached  a  town,  the 
medical  officer  at  once  began  a  sanitary  inspection.  If  infectious  or  contagious 
disease  e.?isted  he  quarantined  the  place,  and  posted  a  cordon  of  sentries  at  a  safe 
distance  from  it.  Notices  were  posted  down  the  line,  warning  the  approaching 
army  of  the  existence  of  such  disease.  A  fully  equipped  bacteriological  apparntus 
was"  with  every  division.  In  camp  he  was  seen  to  be  lecturing  to  the  men  on  sani- 
tation, the  prevention  of  disease,  personal  hygiene,  cooking,  when  to  drink  and 
when  not  to  drink  water,  even  to  cleaning  and  paring  the  finger  nails,  to  prevent 
dangers  from  dirt,  etc. 

All  officers,  etc,  can  help  in  preventing  disease.— Every  British 
officer,  native  officer,  and  non-commissioned  officer  with  a  force,  can 
help  iu  preventing  inefficiency  from  disease  by  seeing  that  their 
men  observe  all  sanitary  and  hygienic  rules  prescribed  for  their  guidance 
and  welfare  on  field  service.  Every  officer  of  every  unit,  from  the  last 
ioined  subaltern  upwards,  has  his  personal  responsibility  in  preventing 
disease  in  the  men.  The  health  of  the  force  depends  on  the  rigid 
observance  of  the  sanitary  precautions  and  rules  laid  down,  and  it  is 
directly  in  proportion  as  commanding,  medical,  and  other  officers  of 
units  insist  on  such  observance,  and  devote  personal  attention  to  them, 
that  the  troops  will  remain  free  from  preventable  disease.  The^  general 
guide  to  all  preventive  measures  is,  of  comse,  the  Field  Service  iVanuaL, 
Medical.  It  is  impossible,  however,  for  any  formulary  of  regulations, 
no  matter  how  complete,  to  embrace  all  possible  contingencies ;  hence 
with  each  campaign  certain  modifications  or  additions  will  beiiecessary, 
and  such  additions  will  be  published  both  before  taking  the  field,  ana 
from  time  to  time  during  the  campaign,  as  circumstances  require,  but 
apart  from  what  is  definitely  laid  down  in  regulations,  there  will  always 
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be  occasions  on  which  all  ranks  of  the  Medical  Service  must  act  on 
their  personal  judgment. 

Sanitary  Administration,  Delhi  Durbar,  Rawalpindi  and  Agra 
Concentrations.— One  has  personally  had  the  unusual  experience  of 
doing  duty  with  our  last  three  large  concentrations  of  troops  in  India— 
the  Delhi  manceim-es  of  1902,  Rawalpindi  manoeuvres  of  1905,  and 
at  the  Agra"  concentration  of  1907,  and  one  has  no  hesitation  in  stating 
that  the  sanitary  administration  of  our  army  in  India  is  on  a  totally 
different  basis,  and  on  an  incomparably  higher  level,  than  it  was  20 
years  ago ;  and  one  is  confident  that  if  it  continues  to  be  carried  out  in  our 
future  wars,  as  it  was  on  those  three  occasions,  cases  of  preventable  disease 
will  be  considerably  fewer  than  in  previous  campaigns.  One  would 
here  remark  that,  in  the  field,  if  responsible  Sanitary  Medical  Adminis- 
trators be  given  a  free  hand  under  the  General  Officer  Command- 
ing, with  power  to  carry  out  what  measures  they  consider  necessary  to 
ward  off  preventable  disease,  there  is  no  doubt  as  to  the  beneficial 
results  that  must  follow.  The  work  of  Sanitary  Officers  is  based 
on  grounds  which,  although  not  those  of  an  exact  science  like 
mathematics  or  astronomy,  are  the  nearest  approach  to  it  that 
pathology,  etiology  and  preventive  medicine  generally,  in  the  present 
state  of  our  knowledge,  permit  of. 

Duties  of  the  State  to  the  soldier  in  the  field. — It  is  necessary 
to  remark  that  the  State  is  bound  under  the  conditions  we  enlist  our 
European  and  Native  troops,  to  place  them  in  the  best  practicable 
conditions  of  health  and  safety  from  disease  during  war.  To  do  so  is  to 
the  advantage  of  the  State.  The  fighting  power  of  the  soldier  employed 
depends  on  the  standard  of  health  and  physical  vigour  he  is  kept  in.  On 
the  other  hand  every  soldier  has  in  this  respect  his  personal  responsibili- 
ties, and  it  is  for  us  to  point  out  to  him  what  these  responsibilities  are. 

B.— Climate  of  India. 

By  climate  of  India  we  here  mean  the  complex  series  of  meteoro- 
logical conditions  which  occur  in  this  country  and  their  effects  on  the 
health  of  our  army. 

The  character  of  the  climate  of  any  locality  depends  mainly  on  :  

Its  distance  from  the  Equator,  elevation  above  sea-level,  its  relation 
to  adjacent  seas,  large  bodies  of  water,  sandy  deserts,  marshes,  pre- 
dominating winds,  nature  of  the  soil  (whether  rock  or  dry  and  porous 
ground,  such  as  sand  allowing  rapid  percolation  of  moisture,  or  clay 
etc.,  which  is  more  or  less  impenetrable  to  water),  configuration  of  the 
surface,  amount  of  shelter— on  a  slope,  plateau,  in  a  valley,  aspect  to- 
wards the  sun,  etc.,  method  of  cultivation  of  the  soil— whether  the  surface 
IS  nchly  cultivated,  covered  with  plantations  or  trees,  pastures,  dense 
forests  or  more  or  less  bare,  facilities  for  drainage,  and  the  amount 
ot  artificial  cultivation  of  the  soil  practised. 
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The  chief  meteorological  factors  eflfecting  climate  are— atmospheric 
temperature,  humidity  of  the  air,  and  the  amount  of  rainfall. 

Temperature. — In  forming  an  opinion  as  to  the  characters  of  a  given 
climate,  temperature  of  the  air  is  by  far  the  most  important  factor. 

The  latitude  of  a  place  is  the  main  determining  cause  of  its  tem- 
perature, although  a  glance  at  any  isothermal  chart  of  India*  will  show 
that  this  is  only  true  in  a  general  way. 

The  isothermal  chart  of  India  shows  that  the  lines  are  in  no  way  parallel  with 
the  zones  of  liititude.  The  isothermal  line  corresponding  with  the  average 
temperature  of  India  is  seen  to  be  very  irregular  in  outline.  This  is  easily  understood 
when  we  recognise  that  the  areas  included  in  the  isothermal  lines  embrace  -very 
irregular  distributions  of  land  and  water,  mountain  and  valley,  fertile  districts  and 
barren  sandy  plains,  which  absorb  and  radiate  solar  rays  with  varying  degrees  ol 
rapidity,  exposure  to  winds  in  a  varying  degree,  and  for  other  reasons.  These 
varying  physical  conditions  give  different  climates. 

As  a  rule,  the  nearer  a  locality  to  the  Equator  the  hotter  it  is, 
because  the  solar  rays  fall  more  vertically  than  in.  higher  and  lower 
latitudes,  and  the  sun's  rays  have  a  shorter  distance  to  travel  than 
when  more  adjacent  to  the  poles. 

Regarding  temperature  we  should  differentiate  between  radiant  or 
aim  heat  and  shade  or  air  heat.  The  rays  of  the  sun  heat  the  human 
body  and  other  things  they  fall  on,  but  only  slighty  warm  the  air  through 
which  they  pass.  The  air  would  allow  the  heat  to  pass  though  it 
entirely  were  it  not  for  the  watery  vapour  and  the  sand,  dust,  etc.,  it 
contains.  The  more  vapour  and  other  added  bodies  the  air  contains,  the 
less  powerful  is  the  direct  or  radiant  sun  heat.  The  shade  temperature 
is  chiefly  due  to  the  warmth  imparted  to  the  air  from  the  ground 
(inchiding  water  and  land)  previously  heated  by]  the  sun's  rays.  The 
shade  temperature  may,  however,  be  greatly  influenced  by  currents  of 
air  from  distant  parts,  viz.,  warm  or  cold  winds. 

The  heat  depends  on  the  direction  of  the  sun's  rays,  the  vertical  being  very 
hot,  the  oblique  being  cooler.  It  also  depends  on  the  depth  of  the  column  of  air. 
At  the  f ea-level  this  column  is  deepest.  The  higher  we  go  from  the  sea-level,  the 
more  rarefied  the  air  becomes,  and  the  less  the  heat  of  the  air  due  to  solar  rays. 
Heat  is  also  modified  by  proximity  to  warm  or  cold  sea  currents,  proximity  to 
mountain  ranges,  by  the  nature  of  the  soil,  direction  of  the  prevailing  winds,  relative 
humidity,  amount  of  vegetation,  etc. 

It  is  essential  to  distinguish  between  e§ecls  of  the  radiated  or  sun  heat  and 
shade  hoat.  It  is  not  possible  to  state  with  our  present  knowledge  what  actual  degree 
of  sun  heat  can  be  borne  by  the  body.  Sunstroke  is  rare  in  the  pure  and  compara- 
tively dry  air  of  high  elevations.  High  shade  temperature  is  much  less  easily  borne, 
and  people  who  can  work  in  a  sun  heat  of  130^  Falir.  or  so,  become  soon  exhausted 
with  the  same  work  in  a  shade  temperature  of  100  -105^  Fahr.  But  this  question  is 
complicated  by  the  fact  that  we  are  unable  to  differentiate  the  effects  of  temperature 
werse,  from  those  of  moisture,  electrical  state  of  the  air,  etc.  People  tolerate  heat 
very  differently,  and  the  manner  of  living  influences  their  ability  in  this  respect; 

*  A  map  of  India  with  a  series  of  lines,  these  lines  passing  through  places 
having  a  corresponding  temperature. 
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many  Europeans  liviug  in  hvVm  injure  themselves  by  continuing  to  take  the  same 
kind  and  amount  of  food  and  stimulaiits  they  did  at  home,  a  fact  pointed  out  by 
many  great  authorities  on  the  military  liygiene  of  India  during  the  last  sixty  years. 
It  seems,  however,  that  great  shade  heat  has  a  depressing  influence,  lessening  the 
functions  of  digestion,  respiration,  circulation  and  blood  formation,  and  directly  or 
indirectly  the  formation  iind  destruction  of  tissues. 

The  climate  and  temperature  are  largely  affected  by  the  amount 
of  humidity  in  the  air  and  the  amount  of  rain  the  locality  receives, 
the  situation  of  the  locality,  whether  it  is  inland,  on  the  sea-coast,  on 
the  plains  or  hills  The  coast  has  a  more  uniform  temperature  ;  the 
abundance  of  rain  and  amount  of  watery  vapour  in  the  air  on  the  coast 
prevents  extremes  of  temperature.    It  is  seldom  above  90'^  Fahr. 

The  actual  surface  temperature  of  the  ground  in  certain  parts  of 
India  often  reaches  170°  Fahr.  or  higher  during  the  hot  weather, 
whilst  that  of  water  is  seldom  over  80"^  Fahr.  During  the  day  when 
the  rays  of  the  sun  are  powerful  the  air  near  the  soil  gets  heated, 
expands  and  rises  more  rapidly  than  the  air  over  the  sea,  hence  to  fill 
the  place  of  the  ascending  air  from  the  laud  the  cool  air  from  the  sea 
rushes  into  the  land  in  the  later  part  of  the  day.  At  night  the 
reverse  occurs.  Land  gives  off  its  heat  more  rapidly  than  the  sea  and 
gets  cooler  than  the  sea  from  which  latter  the  air  ascends,  hence  there 
is  a  breeze  from  the  land  to  the  sea,  so  that  in.  the  early  morning  a 
breeze  blows  from  the  land  to  the  sea.  This  is  only  felt  in  the  vicinity 
of  sea  coasts  and  does  not  affect  the  great  inland  continent  of  India. 
All  large  sheets  of  water  inland  however,  have  the  same  effect,  and  tend  to 
equalise  the  temperature  of  the  air  in  their  neighbourhood. 

The  geological  nature  of  the  soil  affects  the  temperature.  Generally  the  soils 
■which  absorb  most  heat  give  it  out  most  rapidly — hence  sandy  soils  are  hottest  and 
associated  with  the  hottest  air  temperatures,  Clay  soils,  on  account  of  retaining 
water,  are  coolest. 

The  specific  heat  of  soils  varies  very  much,  any  water  contained  in  it  raising  this 
proportionately.  Hence  damp  clay  soils  are  cold  because  they  take  some  time  to 
warm.  Sands  absorb  heat  very  rapidly  and  lose  it  again  by  radiiation.  "  In  Upper 
Egypt  the  effects  of  the  withdrawal  of  heat  after  sundown  is  remarkable.  So  so  rapid, 
indeed,  is  radiation  aided  by  the  cloudless  atmosphere,  that  sleeping  out  without 
extra  covering  is  productive  of  a  degree  of  discomfort  suggestive  of  being  steadily 
frozen  alive.  It  was  no  uncommon  circumstance,  during  desert  marches,  to  see 
men,  who  were  unable  to  sleep  from  the  cold,  prowling  about  in  the  small  hours  of 
the  morning  in  the  vnin  hope  of  getting  warm.  During  the  day  the  conditions  were 
so  far  reversed  that  the  intensely  heated  sand  raised  the  temiDerature  of  the  lower 
stratum  of  the  atmosphere  to  a  degree  approximating  to  that  of  the  air  from  a  blast 
furnace."* 

The  colour  of  the  surface  of  the  soil  has  a  great  effect  on  the  amount  of  heat 
which  18  absorbed  and  reflected.  The  nearer  the  colour  of  the  ground  approaches  to 
white  (sand,  white  walls,  etc.i,  the  more  the  direct  sun  heat  is  reflected  by  it,  and  the 
less  heat  is  absorbed  ;  the  darker  the  ground  i grass,  green  leaves),  the"  less  heat  is 
reflected  and  the  more  is  absorbed.  The  ground  and  buildings  which  absorb  more 
heat  from  the  direct  rays  of  the  sun  can  give  out  more  heat\luring  the  uiahL  and 
vice  versd. 


Lt.-Col.  R.  Caldweld,  Il.A.M.C,  Military  Hygiene,  pp.  263,  270. 
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The  following  table  gives  the  maximum,  minimum  and  mean 
India--  """"^  "^"'^  important  cantonments  of 


Stations. 

Maximum 
Temperature. 

Minimum 
Temperature. 

Mean  Tem- 
perature. 

Lucknow 

Meerut          ...            ...  \ 

Agra 

Jliansi           ...             ...  \\ 

Multan           ...  '[ 
Lahore          ...  ... 

Peshawar 
Karachi 

Bombay         ...             ...  [[[ 

iiladras 

115 
1J4-5 
116 
117-3 

116-  9 

117-  2 
99-9 
94 

117'o 

70-5^P. 
80-7 
77  5 
80-1 
78-5 
70-7 
67-9 
80  2 
77  5 
77 

99-  3F. 

98-  3 
96-7 

99-  2 
79-8 

95 
94-1 
88-8 

85 
92-4 

At  Jacobabad  in  Sind,  which  is  about  500  miles  north  of  the 
tropical  zone,  a  shade  temperature  of  127-"'F.  has  been  registered. 
Shade  temperatures  of  115^  are  quite  common  in  several  stations  in 
the  sub-tropical  regions  of  Northern  India. 

The  germs  of  some  diseases  grow  more  vigorously  in  high  temper- 
atures ;  for  instance,  cholera  and  plague  bacilli,  and  the  germ  of  dengue 
(as  yet  undiscovered),  but  the  germs  of  some  infectious  diseases  prove 
stronger  than  climatic  influences,  hence  we  find  such  diseases  as  small- 
pox, measles,  diphtheria,  tuberculosis^  leprosy,  etc.,  in  all  climates. 

Humidity. — Next  to  temperature  in  importance  is  humidity. 
This  we  refer  to  under  the  terms  absolute  and  relative  humidity. 

Absolute  humidity  is  the  actual  weight  of  watery  vapour  in  a 
given^  quantity  of  air.  When  air  is  heated  it  expands,  and  so  its 
capacity  for  holding  vapour  increases  rapidly.  A  cubic  foot  of  air  at 
zero  Fahrenheit  can  hold  only  0-54  gramme  of  water,  at  32T.  2-13 
grammes,  at  50°F.  about  4  grammes,  at  SU^F.  about  11  grammes,  and 
at  lOOT.  19  79  grammes. 

Relative  humidity  is  the  amount  of  watery  vapour  contained  in 
air  relative  to  what  it  could  contain,  the  standard  maximum  being  100 
per  cent.  The  lowest  relative  humidity  is  said  to  be  25  per  cent.; 
under  55  per  cent,  it  is  said  to  be  dry,  under  75  per  cent,  moderate, 
over  85  per  cent.  damp.  Relative  humidity  is  important  only  when 
taken  into  consideration  with  the  temperature,  because  warm  air  takes 
up  more  watery  vapour  than  cold  air. 


When  statistics  of  relative  humidity  alone  are  given  in  meteorolo- 
gical tables,  it  is  necessary  to  take  some  standard  temperature  to  make 
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a  fair  comparison.  Say  the  mean  temperature  of  the  plains  of  India  is 
82°F.,  a  relative  humidity  of  55  per  cent,  would  be  dry,  from  65  to  75 
medium,  and  from  75  to  85  moist,  above  85  very  moist. 

The  best  degree  of  relative  humidity  for  the  human  body  of  inhabi- 
tants of  temperate  climates  is  75  per  cent.  If  much  in  excess  of  this 
skin  perspiration  and  evaporation  from  the  lungs  are  to  some  extent 
checked,  thereby  favouring  the  retention  of  effete  products.  Deficient 
humidity  induces  increased  evaporation  from  the  skin. 

The  degree  of  the  absolute  humidity  varies  with  the  seasons  and  at 
different  times  of  the  day  ;  it  is  usually  greater  with  higher  temper- 
atures and  vice  versa.  The  variations  of  relative  humidity  as  a  rule 
follow  to  some  degree  the  opposite  course :  the  relative  humidity  is 
lower  in  the  hot  than  in  the  cold  weather,  and  lower  during  the  warm- 
est parts  of  the  day  than  at  night.  The  importance  of  temperature 
should  never  be  forgotten  in  estimating  the  value  of  relative  humi- 
dity in  connection  with  climate. 

Watery  vapour  is  always  present  in  the  air,  but  its  amount  varies  within 
extreme  limits,  and  its  amount  is  constantly  changing  by  the  perpetual  processes  of 
condensation  and  evaporation  in  progres.s.  Humidity  greatly  modifies  the  heat. 
When  the  relative  humidity  is  high,  the  watery  vapour  in  the  air  acts  as  a  blanket 
over  the  land,  preventing  great  penetration  of  heat  rays,  speedy  evaporation  and 
radiation  ;  hence  the  diurnal  variations  are  small  and  the  climate  more  equable. 
With  a  low  relative  humidity  and  a  dry  air,  evaporation  and  radiation  are  rapid  ;  the 
soils  most  absorbent  of  heat  during  the  day  cool^  rapidly  at  night,  and  the  climate 
is  subject  to  great  diurnal  fluctuations.  The  great  amount  of  watery  vapour  in  the 
air  and  the  (usually)  heavy  rains  near  the  equatorial  regions  of  India,  give  an 
equable  but  not  excessively  high  temperature.  Heuce  it  is  that  in  the  more  southern 
parts  of  India  we  have  no  real  cold  weather  comparable  with  that  in  Northern  India. 

The  larger  the  surface  of  exposed  water  in  a  locality,  and  the 
smaller  the  proportion  of  land,  the  greater  is  the  equability  of  its  tem- 
perature and  vice  versa.  This  is  due  to  the  fact  that  water  requires  a 
large  amount  of  heat  to  raise  its  temperature,  and  when  warmed  it 
parts  with  that  heat  slowly,  whereas  land  warms  rapidly  and  cools 
equally  soon.  No  matter  what  the  degree  of  radiant  heat,  it  is  seldom 
we  find  exposed  sheets  of  water  raised  above  80°F,,  whereas  it  is  not 
uncommon  to  find  the  surface  of  adjacent  ground  fifty  degrees  higher. 
Water  absorbs  heat  slowly  and  parts  with  it  slowly ;  land  absorbs  heat 
rapidly  and  parts  with  it  rapidly. 

The  heat  of  the  sun  is  tempered  greatly  by  passage  through  the 
watery  vapour  of  the  denser  air. -Watery  vapour  in  the  air  interferes 
with  the  passage  of  solar  heat  rays  to  a  degree  equal  to  the  extent  to 
which  Its  own  temperature  is  heightened  ;  the  deeper  the  atmosphere 
penetrated  by  the  sun,  the  less  the  heat  reaches  the  earth.  In  conse- 
quence of  the  greater  rareftiction  of  the  air,  the  higher  we  are,  the 
greater  the  loss  of  heat  by  radiation,  the  lower  we  are  the  less 


PREVENTION  OF  DISEASE. 


The  amount  of  rainfall  has  no  definite  relation  to  the  amount  of 
moisture  in  tlie  air— Lima,  on  the  coast  of  Peru,  has  a  very  humid 
atmosphere,  but  is  almost  rainless. 

It  is  difficult  to  separate  the  effects  of  different  degiees  of  air 
moisture  on  man  from  those  of  temperature,  light,  atmospheric 
pressure,  and  movement  of  air.  In  dry  air  the  evaporation  from  the 
skin  and  front  the  lungs  is  promoted,  and  this  effect  is  increased,  if, 
at  the  same  time,  the  sunshine  is  powerful,  as  in  elevated  regions'. 
In  moist  air  both  are  diminished.  In  moist  warm  air  the  appetite 
and  vital  energies  are  lessened,  and  there  is  often  a  tendency  to  affec- 
tions of  the  abdominal  organs.  The  growth  of  microbes  is  favoured  in 
such  localities,  and  this  is  one  of  the  reasons  possibly  why  tuberculosis 
is  so  prevalent  along  the  sea  coast  in  India,  cholera  along  the  delta  of 
the  Ganges  and  other  rivers,  dysentery  along  marshy  tracts,  etc. 
Speaking  generally  we  may  say  that  germ-diseases  are  more  active  in 
hot  than  in  cold  climates,  and  in  damp  than  in  dry  ones. 

Where  vegetation  is  luxuriant  there  is  increased  humidity  of  the  air 
and  soil,  and  this  without  necessarily  greater  precipitation  of  rain. 
Vegetation  generally,  especially  trees,  has  a  cooling  effect  upon  the 
soil  both  by  sheltering  from  the  direct  rays  of  the  sun,  and  by 
increasing  evaporation. 

Rainfall. — Kain  is  due  to  the  cooling  down  of  air  to  such  a  degree 
that  it  can  no  longer  hold  the  watery  vapour  it  contains  in  a  state  of 
suspension,  consequently  the  vapour  is  condensed  into  droplets  which 
fall  on  the  earth  as  rain. 

The  distribution  of  rain  is  an  important  factor  in  the  Tarying  climates  of  India. 
The  nearer  tlie  Equator  and  to  the  sea,  the  greater  the  rainfall.  Where  rains  and 
moisture  are  abundant  the  climate  is  not  excessively  hot,  but  it  is  steamy  damp 
and  oppressive,  and  the  range  of  temperature  limited.  When  the  rainfall  is  scanty 
the  climate  is  very  hot  and  dry  in  summer,  and  the  range  of  temperature  large. 
Between  these  two  there  is  every  variety  of  climate  approaching  to  one  or  the  other. 

The  chief  characters  of  the  Indian  rainfall  is  that  it  is  periodical 
and  regular,  containing  usually  for  three  or  four  months  only,  occurring 
mostly  as  decidedly  heavy  showers,  sometimes  6  to  12  inches  or 
more  falling  in  24  hours.  Where  the  soil  is  not  very  porous,  or  has  not 
natural  facilities  for  rapid  drainage,  the  result  is  the  occurrence  of  floods, 
inundations,  and  the  formation  of  extensive  swamps. 

In  India  the  rainy  season  is  regulated  by  the  monsoons,  which 
are  the  two  predominating  winds  of  the  continent,  the  South-West 
Monsoon  and  the  North-East.  From  October  to  March  the  North- 
East  Monsoon  prevails;  it  is  a  cool  and  diy  wind,  having  passed  over 
vast  tracts  of  land.  P>om  April  to  October  the  South-West  Monsoon 
occurs  ;  it  is  a  hot  wind  charged  with  moisture  from  the  southern  sea, 
and  for  three  or  four  months  of  the  year  brings  rain  to  the  greater  part  of 
India.    When  the  sun  is  vertical  in  the  Northern  Hemisphere,  there 
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is  a  gradual  heating  up  of  the  land  until  it  becomes  exceedingly  hot. 
With  this  intense  heat  the  barometric  pressure  is  gradually  lowered 
and  air  currents  from  the  southern  seas  rush  into  the  vacuum,  passing 
in  the  main  in  a  south-westerly  direction.  Laden  with  moisture 
this  South-West  Monsoon  when  it  strikes  the  high  highlands,  as  in 
the  Western  Grhats  or  on  the  Malabar  Coast,  on  the  mountains  of  Tenas- 
serim  and  the  Himalayas,  where  it  meets  with  colder  air,  deposits  its 
moisture  in  the  form  of  heavy  rain,  reaching  as  much  as  253  inches  in 
the  year  at  Mahableshwar,  180  inches  at  Moulmeiu,  and  even  600  inches 
at  Cherapunji  (Khasia  Hills,  Assam).  Having  lost  much  of  its  moisture 
in  its  passage  over  the  highlands,  the  inland  districts  may  be  compara- 
tively dry.  Or,  even  in  places  near  the  sea,  where  there  are  no  high- 
lands, the  rainfall  may  be  small  as  at  Karachi  (7  inches). 

The  rainfall  not  only  varies  within  wide  limits  in  different  parts 
of  India,  but  also  in  different  years. 

The  rainfall  of  Sind  proper  and  the  Lower  Indus  region  is  about  5 
inches,  and  the  heat  from  April  to  July  is  very  intense. 

In  the  rainless  tracts  of  Sind  and  Western  Kajputana  we  find  an 
absence  of  vegetation  which  exposes  the  surface  of  the  ground  to  the 
intense  rays  of  the  sun,  the  sand  rapidly  absorbing  the  heat,  there 
is  rapid  radiation  at  night,  and  frequent  sand  storms. 

The  following  table  gives  the  average  rainfall  over  the  chief  dis- 
tricts in  which  it  is  measured  : — 


Inches. 

Inches. 

Assam 

99-o5 

Central  India,  West 

...  34-62 

Eastern  Bengal 

8521 

)t         II     East  ... 

...  45-65 

Orissa 

57-73 

Berar 

...  31-32 

Chota  Nagpur 

53-4 

Central  Provinces,  West 

...  52-88 

Behar 

49-38 

Bombay,  Deccan 

...  32-17 

United  Provinces,  East 

40- 10 

Hyderabad,  North 

...  35-81 

„        „  West 

38-85 

„  South 

...  29-72 

Punjab,  East  and  North 

23-97 

Mysore 

...  34-61 

„  South-West 

8-89 

Malabar  ... 

...  128-68 

North -Western  Frontier  Provinces 

16-36 

Madras,  South-East  ... 

...  35-66 

Balucliistan 

8-63 

II  Deccau 

...  24-79 

Sind 

6-63 

„      Coast,  North... 

...  40-45 

Rajputana,  West 

11-81 

Lo"wer  Burma 

...  122-86 

1.  East 

25-16 

Upper  ,, 

...  41-51 

Gujerat    ..  ... 

35-06 
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Proximity  to  mountain  ranges  and  their  influence  of  sheltering 
from  wind  and  on  rainfall,  soil  and  its  permeability  to  moisture,  and 
vegetation,  also  exert  an  influence  on  climate. 

The  whole  of  the  coast  of  Burma  has  a  very  moist  warm  climate  which  affects 
the  inland  area  to  but  a  small  distance,  as  tlie  moisture  from  the  sea  is  precipitated 
ou  the  high  rauge  of  hills  that  extends  along  the  entire  length  of  the  western  part  of 
the  Peninsula  tlirougli  Arracan,  at  a  sliort  distance  from  the  coast,  so  that  as  we 
ascend  the  Irrawadi  the  rainfall  lessens  until  in  the  higher  reaches  of  Upper  Burma 
we  get  a  climate  reproducing  many  of  the  characleis  o.^  North-Western  India,  but 
less  marked.  The  higher  rainfall  of  Bhamo  as  compared  with  Mandalay  is  attribut- 
able to  its  proximity  to  the  great  range  of  hills  which  divide  Burma  from  China. 


The  nature  of  the  vegetation  in  some  parts  of  India  is  sufficient  to 
indicate  the  nature  of  the  climate.  Where  it  is  richest  and  most 
luxuriant  there  the  climate  is  hot  and  moist,  and  the  seasons  equable, 
e.g.,  Assam.  In  such  places  a  deserted  village  may  in  a  year  be  hidden 
from  view  by  the  rich  growth  of  vegetation  around  it.  With  less  but 
still  rich  vegetation'  the  climate  will  be  hot  with  abundance  of  rain, 
as  in  Behar.  In  regions  where  the  temperature  is  very  high  and 
rain  fails  the  vegetation  fails  also,  and  the  land  has  the  characters  of  a 
desert ;  these  are  the  climatic  peculiarities  of  Sind,  Western  Rajputana 
and  part  of  the  Punjab. 

Exposure  to  winds  — Winds  are  caused  by  unequal  weights  of 
different  volumes  of  air;  warm,  light  air  ascends,  and  cool,  heavier  air 
rushes  in  to  take  its  place.  Hence  there  is  a  constant  inrush  of  air 
from  the  cooler  to  the  warmer  parts.  Plains  are  exposed  to  uninter- 
rupted sweeps  of  wind  as  seen  in  the  summer  storms  of  these 
places. 

In  many  districts,  and  even  in  whole  provinces,  we  have,  as  the  result  of 
great  heating  of  the  surface  soil,  great  heightening  of  the  temperature  of  the  air 
near  the  surface,  with  the  result  that  areas  of  low  barometric  pressure  are  created, 
to  counteract  which  air  converges  from  all  sides  and  takes  on  a  circular  motion, 
or  vortex,  round  its  centre.  The  disturbances  created  may  extend  many  miles,  or  be 
quite  local,  and  small  disturbances  varying  for  50  to  500  yards  in  diameter  are 
particularly  common  in  May  and  June  in  Sind,  Rajputana,  and  the  Western  Punjab. 
These  are  in  fact  miniature  cyclones,  depending  on  the  same  physical  laws  for  their 
occurrence.  The  vortex  revolves  in  the  opposite  direction  to  the  hands  of  a  watch, 
the  motion  being  not  truly  circular  but  spiral  in  such  manner  that  a  ijarticle 
carried  by  the  wind,  after  circling  round  the  centre  several  times,  ultimately  finds 
itself  carried  to  the  centre  of  low  pressure.  In  the  same  way  the  centre  of  low 
pressure  with  its  accompanying  vortex  always  travels  at  first  from  east  to  west,  and 
then  curves  away  from  the  Equator,  to  ultimately  take  an  easterly  direction  as  it 
dies  out.  The  dimensions  of  the  vortex,  and  the  area  influenced  by  such  storms,  may 
vary  from  afew  yards  to  several  hundred  miles,  but  in  all  cases  their  force  within 
the  vortex  is  very  considerable.  After  a  period  of  exceptional  heat  and  stifling 
calm  the  still  leaves  of  the  dried-up  trees  are  agitated  by  light  puffs  of  air  of 
irregular  direction,  then  away  in  the  east  is  seen  a  column  of  dust,  and  this  steadily 
advances  till  one  finds  oneself  for  a  few  minutes  buffeted  by  a  violent  fiery  wind 
and  choked  with  dust.  When  it  has  passed  and  the  air  has  again  cleared,  this  is 
succeeded  by  a  refreshing  relief  of  the  previously  intense  heat.  \Vheu  of^very 
small  dimensions  these  miniature  cyclones  are  locally  known  as  devils  and 
their  form,  narrow  below  and  spreading  out  like  a  funnel  above,  can  be  studied  at 
Ipisnre  The  boundaries  of  the  expanded  upper  part  are  indistinct  and  tade  gradu- 
•illv  into  the  steel-grey  of  the  surrounding  glare;  but  below,  the  contour  of  the  columu 
is  Veil  nigh  as  sharp  as  if  it  was  composed  of  solid  materials,  and  it  may  sweep 


INTRODUCTION. 


17 


from  the  sufiEocatiug  heat  that  originated  them.  From  a  sanitary  point  of  view  these 
storms  are  usually  heneficial  by  their  effect  in  clearing  the  air  and  cooling  it ;  but 
this  is  unfortunately  only  trifling  and  temporary.* 

Rapid  putrefaction  and  fermentation.— The  lower  forms  of  veget- 
able life  thrive  in  Indica,  especially  in  the  hot  and  moist  regions.  This  is 
undoubtedly  good  for  the  visible  vegetable  kingdom,  as  these  organisms 
break  up  organic  matter,  and  fit  it  for  plant  life,  But  for  the 
same  reason  disease  microbes  thrive.  Putrefaction  and  fermentation  are 
much  more  active  than  in  temperate  climates.  The  same  meteorological 
factors  favour  the  development  of  germs  and  parasites  which  give  rise  to 
diseases  almost  peculiar  to  the  climate.  Certain  regions  of  the  globe 
have  their  own  microbes  and  parasites  in  which  these  latter  flourish 
best.  The  germs  of  such  diseases  thrive  best  in  their  endemic  homes, 
finding  in  them  congenial  conditions  for  their  development,  just  as 
plants  and  different  races  of  men  flourish  best  in  their  original  homes. 
Hence  we  find  the  home  of  cholera  in  the  delta  of  the  Ganges,  malaria 
throughout  the  country  because  the  endemic  conditions  are  favourable  to 
both  anophelines  and  malaria  parasites ;  filariasis  is  met  with  almost 
universally  for  the  same  reasons,  and  so  on  with  other  diseases. 

Sunlight.— Sunlight  is  of  great  importance  in  climates.  It  is  well 
known  that  a  few  dull  sunless  days  have  a  depressing  effect  on  some 
people,  reducing  energy,  inducing  dyspepsia,  and  with  returning 
sunshine  these  effects  pass  off.  Sunlight  hinders  the  development  of 
bacteria  and  other  low  organisms,  and  increases  oxidation.  The  effects 
of  sunlight  are  more  intense  in  dry  air  and  more  prolonged  in  high 
latitudes  in  the  summer,  and  vice  versd  in  winter,  t 

C. — Acclimatisation. 

By  acclimatisation  here  we  mean  the  process  by  which  the  adult 
European  officer  and  soldier  becomes  to  some  extent  physiolooically 
adapted  to  a  climate  different  from  that  of  the  temperate  cliniate  of 
Europe. 

The  European  soldier  coming  to  India  is  nowadays  suddenly 
translated  from  the  United  Kingdom  (with  an  average  annual  tempera- 
ture ol  51  P.)  to  India  (with  an  average  annual  temperature  of  82"' 
P  ahr.) ;  in  India  the  sun's  rays  are  for  a  large  part  of  the  year  vertical 
the  ramlall  violent  and  seasonal  instead  of  being  spread  over  the  whole 
year,  whilst  the  diurnal  ranges  of  temperature  may  vary  from  20  to 
even  60  degrees  or  more. 

The  Anglo-Saxon  race  has,  it  is  believed,  a  greater  power  of 
adaptation  to  all  climates  than  any  other  race. 

*  Lieut.-Ccl.  G.  M.  Giles,  I.M.S..  C/maie  and  Health  inllot  Countries,  pp.  fl. 
onDViSKEcS-^^^^^^^^  is  further  referred  to  in  the  Sections 
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PREVENTION  OF  DISEASE. 


There  is  undoubtedly  a  distinct  effort  on  the  part  of  Nature  to 
accommodate  the  human  system  to  a  new  environment,  and  the  amount 
of  its  successful  effort  in  "this  direction  represents  the  limit  of  possible 
acclimatisation.  The  means  by  which  Nature  brings  about  this  adap- 
tation is  very  complicated,  and  in  general  terms  may  be  said  to  be 
a  gradual  adaptation  of  the  body  to  a  new  distribution  of  the  blood, 
together  with  a  continuous  pressure  brought  to  bear  upon  the  various 
physiological  functions,  dictating  the  necessity  for  the  acquirement  of 
general  hygienic  habits  suited  to  the  new  state  of  affairs. 

Physiological  effects  of  the  Indian  climate  on  Europeans. — The 

altered  conditions  of  life  of  the  newly  arrived  European  — change  of 
air,  food,  clothing,  etc. — the  change  of  environment  and  the  sudden 
translation  from  a  temperate  climate,  induce  a  susceptibility  to  several 
of  the  diseases  met  with  in  this  country.  These  put  a  demand 
on  the  economy  in  the  way  of  adapting  it  to  the  altered  conditions. 
This  adjustment  may  in  some  respects  be  voluntary,  but  in  others  it 
is  involuntary  and  beyond  control.  For  instance,  as  regards  involun- 
tary adjustment,  the  effect  of  a  tropical  climate,  whether  dry  or  moist, 
on  a  European  constitution  is  to  gradually  bring  about  a  change  in 
the  customary  physiological  functions  of  certain  organs  of  the  body. 
Until  this  process  of  acclimatisation  is  fully  attained  and  the  system 
has  accommodated  itself  to  its  surroundings,  the  individual  is, 
from  the  slightest  indiscretion,  very  susceptible  to  disorder  and 
disease.  The  most  important  of  these  changes  are  a  greater 
supply  of  blood  to  the  surface  of  the  body  and  a  greater  activity  of 
the  functions  of  the  skin,  which  by  profuse  perspiration  keeps  the 
body  at  its  ordinary  temperature,  the  adjustment  of  the  system  to 
counterbalance  the  additional  external  heat  is  not  completed  for  some 
time  and  until  that  time  is  reached,  the  temperature  in  the  European  is 
slightly  higher  than  normal.*  The  body  heat  increases  in  the 
proportion  of  0  05'  F.  for  every  1"  F.  of  the  air.  The  average 
temperature  of  Europeans  in  Bengal  is  ahout;0-41°  F  higher  than^  in 
England,  and  the  average  temperature  of  the  native  is  about  0-6°  F. 
higher  than  that  of  the  European. 

The  blood  distribution  is  modified,  especially  by  its  being  to 
some  extent  transferred  to  the  surface  blood-vessels.  This  is  chiefly 
at  the  expense  of  the  blood  in  the  lungs.  The  capacity  of  the  lungs 
is  thereby  increased  to  the  extent  of  23  ounces.  This  extra  space  is 
taken  by  air  ;  the  lungs  do  actually  less  work  because  the  number 
of  respirations  per  minute  is  lessened.  The  air  is  more  rarehed  m 
consequence  of  its  higher  temperature,  and  it  therefore  contains  less 
oxygen,  which  fact  alters  the  physiological  working  of  the  lungs 
The  result  is  that  about  9  per  cent,  less  oxygen  is  taken  m,  and 
about  20  per  cent,  less  carbonic  acid  gas,  and  20  per  cent,  less 
waterv  vapour,  are  discharged.  This  causes  the  retention  of 
carbonaceous   matter   in    the  blood.    At  the^ie  time  there  is 

"         »Fiof.  W.  J.  Simpson,  C.M.G.,  Principles  of  Tropical  Hygiene,  p.  12. 
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excessive  activity  on  the  part  of  the  sldn,  liver,  bowels  and  spleen, 
r'eneral  te  ],owever  the  effects  of  the  climate  is  to  produce  a 
decfeTse  in  the  ktal  aoti;ities ;  the  pulse  is  slowed  the  heart's  action 
diJhUy  weakened,  the  powers  of  digestion  enfeehled  the  appetite 
deci'aid,  the  activity  If  the  liver  increased,  and  ^^^^^^^^^^^^ 

lowered.    The  abdominal  organs  .  ^^^^^J^f  ^f.  Jfl",trthen 

external  influences.  The  nervous  system  is  a  e^'!*  f  7"^;*^.^' 1^^^ 
slightly  depressed,  allowing  it  to  be  more  readily  affected  by  .^mpies- 
sions  fVom  without.  It  is  necessary  to  be  on  oar  guard  against  fits 
of  irritability  and  fretfuhiess  which  are  l^^We  to  be  induced  by  t  e 
influence  of  the  summer  and  autumn  heat.  This  tendency  should  be 
controlled  as  it  leads  to  great  wear  and  tear  of  nerve  force.  Frolonged 
residence  on  the  plains  of  India  tends  to  produce  two  special  effects, 
pallor  and  decreased  muscular  energy. 

Exercise  in  the  tropics  raises  the  temperature  more  immediately 
and  powerfully  than  it  does  in  temperate  climates,  and  if  the  tempera- 
ture is  taken  after  evening  exercise  (at  a  time  when  the  normal  diurnal 
physiological  maximum  is  reached),  it  may  show  a  difference  ot  as 
much  as  1-5°  F.,  or  more.  The  heightened  temperature  atter  exercise 
raav  be  maintained  for  some  hours.  A  march  in  the  hot  sun  may  raise 
the" temperature  several  degrees,  but  this  is  as  a  rule  due  merely  to 
the  combined  effects  of  exposure  to  the  sun  and  fatigue,  and  although 
the  fever  thus  produced  may  last  a  few  days  it  passes  off  without  any 
ill  eff'ects.  This  form  of  "fever  may  have  the  specious  characters  of 
malarial  or  other  specific  fevers,  but  the  absence  of  the  more  charac- 
teristic symptoms  of  such  diseases  shows  its  nature.  The  heat  forming 
part  of  the  heat-regulating  mechanism  is  more  easily  stimulated  in 
India  than  in  temperate  climates  by  such  conditions  as  exposure  to 
the  sun,  meals,  and  exercise.  The  eff'ects  of  taking  different  classes 
of  foods  on  temperature  are,  however,  mnch  the  same  as  in  temperate 
climates. 

Exercise  must  be  taken  in  India  to  ensure  a  healthy  life.  The 
tendency  is  for  Europeans  to  take  less  and  less  as  years  of  residence 
increase,  and  there  is  no  doubt  that  the  temptation  to  lead  a  more 
sedentary  life  grows  increasingly.  This,  however,  should  be  struggled 
against,  and  exercise  short  of  fatigue  regularly  indulged  in. 

The  entire  process  of  acclimatisation  is  said  to  take  about  four 
years.  It  is  during  this  time  that  diseases  peculiar  to  the  soldier  in 
India  are  more  liable  to  occur,  but  with  moderate  care  he  may  keep  in 
good  health  without  suffering  from  any  one  of  them,  granted  he  was 
sound  in  every  respect  on  his  arrival  in  the  country, 


Complete  acclimatisation  of  Europeans,  or  the  power  of  residing 
in  the  country  permanently  for  several  consecutive  generations,  does 
not  occur. 


PREVENTION  OP  DISEASE. 

_  ^  "Speaking  generally  the  natives  of  tropical  climates  are  not  in- 
juriously afifected  by  the  meteorological  conditions  of  the  climates 
they  iive  in,  any  more  than  are  tlie  inhabitants  of  more  temperate 
climates  ;  their  physiological  activities  are  attuned  by  heredity  and 
habit  to  the  conditions  they  were  born  into.  The  European  may 
be  on  his  first  coming  to  the  tropics  and  until  his  machinery  has 
adjusted  itself  to  the  altered  mefeorological  circumstances,  is  liable  to 
slight  physiological  irregularities,  and  this  more  especially  if  he 
persists  ni  the  dietetic  habits  appropriate  to  his  native  land.  A  pre- 
disposition to  certain  diseases  and  a  tendency  to  degenerative  changes 
may  be  brought  about  in  this  way,  but  acute  disease,  with  active 
tissue  change,  is  not  so  caused.  In  the  tropics,  as  in  temperate 
climates,  in  the  European  and  in  the  native  alike,  nearly  all  disease 
IS  of  specific  origin.  It  is  in  their  specific  causes  that  the  diflference 
between  tlie  diseases  of  temperate  climates  and  those  of  tropical 
climates  principally  lies.* 

The  scope  of  the  present  volume  does  not  allow  of  one  entering 
into  all  the  details  connected  with  the  relations  between  the  very 
varying  climatic  conditions  of  this  country  and  all  their  effects  upon 
the  health  of  our  troops  in  peace  and  war.  Much  that  one  has  omitted 
is  theoretical,  for  the  relations  of  several  factors  associated  with  climate 
have  not  as  yet  been  worked  out.  Sufficient  has  been  said  to  indicate  in 
a  general  way  the  effects  of  the  climate  of  India  on  our  European  and 
Native  troops. 

Oji  the  plains  ^^ovembel•,  December,  January,  February  and  March  are  as  a 
rule  the  healthiest  months  as  well  as  the  coolest,  and  it  is  during  them  that  men 
can  work  hard  out  of  doors  and  keep  very  fit  under  such  work.  April,  May, 
and  June  are  ns  a  rule  very  hot  and  dry,  these  are  the  montlis  to  avoid  sunstroke. 
July,  .August,  September  (and  often  part  of  Octol)er)  are  the  rainy  season,  during 
which  anophelines  breed  freely  and  disseminate  malaria  ;  they  are  also  the  mouths 
in  which  dysentery,  diarrhoea  and  liver  complaints  ui-e  most  likely  to  occur 

Although  the  Indian  climate  is  warm,  especially  during  several 
months  of  the  year,  one  of  the  greatest  dangers  the  European  has  to 
protect  himself  from  is  cold — he  has  not  to  withstand  variations  of  30 
to  40  degrees  in  the  day  in  his  European  home — hence  a  cotton  garment 
worn  during  the  heat  of  the  day,  may,  if  kept  on  until  late  in  the  even- 
ing when  the  temperature  is  many  degrees  lower,  lead  to  a  chill. 
Chills  are  acquired  in  India  much  more  readily  than  in  temperate  and 
cold  climates,  partly  because  in  Europe  we  wear  suitable  clothes,  which 
we  often  neglect  to  do  in  India,  and  partly  because  the  skin  in  India  is 
unusually  sensitive  to  variations  of  temperature  which  is  not  the  case 
in  Europe. 

It  is  wise  and  conducive  to  comfort  and  personal  fitness  to  use 
nil  means  to  bring  the  body  into  such  a  state  of  vigorous  health  as 
to  render  a  very  moderate  amount  of  clothing  sufficient  to  maintain 
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a  proper  degree  of  warmth  in  the  body.  One  of  the  chief  means  of 
effecting  this  is  by  taking  sufficient  exercise  in  the  open  air.  and 
avoidance  of  close "  heated^•ooms,  and  too  warm  beds  at  night.  WhUe 
individuals  in  health  should  endeavour  to  harden  themselves,  it  is 
decidedly  dangerous  to  be  too  lightly  clad  in  winter. 

Chances  of  temperature  are  often  more  injurious  than  sustained 
hio-h  templjrature.  (Change  from  cold  to  heat  may  cause  diarrhoea  or 
other  intestinal  troubles  ;  change  from  heat  to  cold  is  apt  to  produce 
catarrhs,  both  of  the  lungs  and  bowels,  congestion  of  the  liver,  bring 
out  latent  malarial  infection,  etc. 

Certain  diseases  and  conditions  are  usually  attributed  to  warm 
climates,  such  as  the  effects  of  solar  heat,  malaria,  dysentery,  cholera, 
plague,  etc.  The  prevalence  of  these  diseases  is,  however,  dependent 
not  so  much  on  heat  ^^e?-  se,  but  largely  from  the  results  of  that  heat  — 
such  as  the  determination  of  the  vital  activity  of  certain  intermediate 
hosts  and  the  extremely  proliiic  development  of  the  lower  forms  of 
vegetable  life,  such  as  bacteria. 

The  great  majority  of  the  diseases  of  the  soldier  arise  from  causes 
introduced  into  the  body  from  without.  These  are  all  to  a  very  large 
extent  preventable.  The  methods  of  preventing  these  diseases  are 
specially  dealt  with  in  Parts  II  and  IV. 

Many  diseases  arise  from  bad  habits  and  unhealthy  modes  of 
life.  Amongst  these  we  may  include  venereal  diseases,  unnecessary 
exposure  to  the  sun,  alcoholic  intemperance,  diseases  of  the  alimentary 
tract  from  excessive  eating,  defective  cooking,  etc.  Excesses  in  eating 
and  drinking  are  matters  for  self-control,  personal  discipline,  and 
abstemiousness.  Heat  apoplexy  and  heat  exhaustion  may  be  avoided 
by  protecting  the  head  and  spine  from  the  influence  of  the  direct  rays  of 
a  hot  sun,  suitable  clothing,  avoidance  of  unnecessary  exposure,  living 
a  healthy  life,  etc.  Venereal  diseases  may  be  controlled  by  the  exercise  of 
chastity,  self-control,  abundance  of  healthy  exercise,  etc. 

The  prevention  of  diseases  introduced  from  without  is  more  diffi- 
cult as  the  agencies  we  wage  war  against  are  invisible. 

A  great  deal  is  said  and  written  about  the  influence  of  the  Indian 
climate  in  the  production  of  disease,  but  one  is  fairly  convinced  that 
climatic  influence  is  often  incriminated  in  place  of  faulty  hygienic 
habits.  The  only  condition  that  can  be  directly  associated  with  climate 
is  heat  apoplexy  and  heat  exhaustion.  In  a  man  living  an  unhealthy 
life  the  factor  of  climate  will  undoubtedly  operate  more  unfavourably 
than  one  living  a  healthy  existence. 

It  is  scarcely  conceivable  that  we  shall  ever  be  able  to  reduce 
our  sickness-rate  and  mortality  in  India  in  either  European  or  Native 
troops  to  what  it  is  in  our  troops  in  the  United  Kingdom,  but  we  can 
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approach  this.  Much  can  be  done  by  judicious  living  to  enable  the 
individual  accustomed  to  a  temperate  climate  to  live  liealthy  in  India. 

We  often  hear  people  speak  of  the  diseases  of  India  in  a  way  as  if 
they  embraced  a  vast  field  of  their  own,  whereas  there  are  probably 
not  more  than  half  a  dozen  of  diseases  that  are  peculiar  to  this 
country,  most  of  the  so-called  indigenous  diseases  being  met  with 
throughout  the  tropical  and  sub-tropical  globe.  In  the  same  way 
practically  all  the  diseases  that  occur  in  temperate  climates  occur  also 
in  India,  some  of  them  with  even  greater  intensity  (small-pox),  others 
about  equal  (tuberculosis),  others  with  less  intensity  and  prevalence 
(scarlet  fever  and  diphtheria). 

It  is  unfair,  unscientific,  illogical  and  unreasonable  to  attribute  to 
the  effects  of  climate  the  disturbances  of  the  economy  and  disease  that 
arise  from  insanitary  conditions  and  unhygienic  living.    A  century 
ago  every  ilhiess  from  which  the  European  suffered '  in  this  country 
was  attributed  to  the  climate,  when  as  a  matter  of  fact  most  of  them 
were  due  to  flagrant  breaches  of  sanitary  laws.    In  the  early  period 
of  our  occupation  of  India  the  death-rate  was  about  80  per  1,000  per 
annum  among  our  troops.    This  has  been  so  altered  by  the  intro- 
duction of  sanitary  measures  and  attention  to  diet,  water-supply, 
arrangement  of  exercise  of  the  soldier  and  decreased  alcoholism  that  the 
death-rate  is  now  less  than  8  per  1,000.    Nor  do  we  think  that  the 
potentialities  for  good  of  sanitary  measures  have  reached  their  limit  — 
there  is  still  room  for  further  reduction,  and  one  is  sanguine  enough 
to  believe  that  witliin  the  next  ten  years  we  shall  find  that  our 
death-rate  approximates    that  of  the  home  army.    It  is  only  fair 
to  assume  that  the  difference  that  has  taken  place  is  due  to  sanitary 
measures    and    attention  to  personal    hygiene.     Apart    from  mal- 
hygienic  habits  and  malaria  there  is  little  to  make  residence  more 
unhealthy  than  at  home,  and  with  due  attention  to  liygienic  rules 
the  European  soldier  from  the  time  he  arrives  in  the  country  may  live 
to  all  intents  and  purposes  as  healthy  as  at  home.    On  the  other  hand 
all  authorities  are  agreed  that  to  the  European  prolonged  residence  in 
India  without  change  is  injurious.    The  establishment  of  sanitoria  for 
the  hot  weather  in  India  for  our  European  troops  has  robbed  the 
climate  of  much  of  its  terrors,  a  hot  weather  and  part  of  the  rainy 
season  on  the  hills  enabling  men  to  remain  thoroughly  fit  throughout 
the  year. 

Every  one  is  agreed  that  prolonged  exposure  to  high  temperature 
of  the  Indian  plains,  whether  dry  or  moist,  does  reduce  vitality  and 
lower  stamina.  Of  the  two  dry  heat  is  borne  with  greater  comfort  and 
is  more  healthy  and  less  debilitating.  There  is  now,  however,  no 
reason  why  any  European  officer  or  soldier  should  be  subject  to  such 
continuous  action  of  climatic  heat  and  luimidity. 

There  are  three  special  precautions  that  the  European  has  to 
take:  (1)  Avoidance  of  unnecessary  exposure  to  the  sun  and  never 
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unless  the  head  is  properly  protected  by  a  helmet  or  sola  topee  ; 
(0)  avoidance  of  chills,  which  are  easily  acquired  by  exposure  when 
iie  clothes  are  moistened  by  perspiration,  and  the  body  is  heated  and 
fatigued,  in  this  precaution  is  specially  included  avoidance  of  abdominal 
chill :  and  (3)  avoidance  of  malarial  infection.  It  is  absolutely  neces- 
sary to  avoid  the  inclination  to  lead  a  sedentary  life,  and  avoid 
also  the  other  extreme  of  a  too  fatiguing  existence.  Exercise 
should  be  regular  and  short  of  fatigue  and  the  hottest  hours  of 
the  day  should  be  avoided  for  this.  When  heated  or  fatigued  a  cold 
bath  should  never  be  taken  ;  a  warm  bath  or  a  good  rub  down  with  a 
rough  towel  is  then  indicated. 

The  main  measures  of  protection  against  infective  disease  at  the 
present  day  are  based  on  the  teachings  of  hygiene  and  physiology,  and 
consist  of  the  adoption  of  all  that  is  connected  with  leading  a  healthy 
life,  the  breathing  of  pure  air,  the  drinking  of  wholesome  water,  use 
of  proper  food,  strict  attention  to  personal  cleanliness,  living  amidst 
clean  surroundings,  the  removal  of  human  excreta  in  a  proper  manner 
as  expeditiously  as  possible  from  our  surroundings,  similar  removal  of 
all  forms  of  dry  refuse,  arrangements  for  the  isolation  and  treatment 
of  men  suffering  from  infectious  disease  and  the  disinfection  of  the 
barracks,  huts  or  tents  they  have  occupied  as  well  as  of  all  clothing 
they  have  infected,  and  of  all  their  discharges.  The  manner  in  which 
each  of  these  individual  factors  affect  health  is  dealt  with  later  on 
under  its  own  heading. 

In  an  army  in  the  field  in  Indian  Frontier  Warfare  the  chief 
factors  favouring  the  origin  and  spread  of  the  various  diseases  of  field 
service  are : — 

(a)  The  resisting  power  of  the  men  is  lowered  by  fatigue,  by 

scanty  or  indifferent  food,  and  by  exposure  from  insufifi- 
ciency  of  shelter  in  varying  conditions  of  climate. 

(b)  The  men  are  massed  together  and  are  generally  of  an  age 

susceptible  to  those  diseases. 

(c)  Camping  grounds  may  be  fouled  by  the  refuse  and  excreta 

of  previous  occupants  containing  possibly  the  germs  of 
disease. 


{d)  The  water-supply  may  itself  be  contaminated. 

During  peace  times  in  cantonments  there  are  various  preventive 
measures  in  operation  that  either  cannot  be  carried  out  in  field  service, 
or  are  so  only  under  very  exceptional  conditions.  In  cantonments  we 
have  rigid  sanitary  rules,  a  good  water-supply,  a  system  of  disposal  of 
excreta  by  burial  or  incineration,  and  tho  food-supply  is  directly 
under  control. 
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The  application  of  the  preventive  measures  now  practised  in 
military  life  in  India  calls  for  the  co-operation  of  all  ranks  in  the  army. 
"  This  conception  of  organised  sanitary  eiTort  is  the  fundanantal  idea  of 
any  scheme  of  sanitation,  and  cannot  be  too  strongly  impressed  on  every 
one"  (Firth.)  Sanitation  in  military  life  is  no  longer  a  question  with 
which  the  medical  officer  has  exclusively  to  deal. 

There  is  no  better  proof  regarding  the  salutary  effects  of  our 
present  efforts  to  control  disease  amongst  troops  to  be  found  than  the 
fact  that  every  year  we  have  now  widespread  epidemics  of  cholera 
occurring  in  civil  communities  around  cantonments,  whilst  our  troops, 
European  and  Native,  escape.  There  are  numerous  instances  on  record 
where  in  recent  years  cholera  has  prevailed  in  a  severe  epidemic  form 
around  Indian  cantonments,  whilst  by  a  rigid  system  of  sanitation, 
attention  to  all  possible  channels  of  infection,  preventing  all  communica- 
tion with  the  infected  areas,  etc.,  the  disease  has  been  excluded.  It  is 
now  only  very  exceptionally  that  we  are  unable  to  prevent  cholera 
entering  cantonments.  It  is  only  a  generation  ago  that  cholera 
periodically  invaded  various  cantonments  and  led  to  dreadful  epidemics. 
The  same  is  the  case  with  plague  in  many  stations  in  India  -  tlie 
civil  community  outside  barracks  has  been  decimated  without  its 
gaining  a  foothold  in  cantonments,  and  that  without  the  employment 
of  anti-plague  inoculation.    Similar  remarks  apply  to  small-pox. 

Our  troops  are  carefully  chosen  young  men  and  youths  who  at  the 
time  of  their  enlistment  are  practically  without  any  sign  of  disease. 
It  is  for  us  as  far  as  practicable  to  render  their  surroundings  healthy, 
and  to  teach  them  how  to  keep  themselves  healthy. 

The  laws  of  sanitation  should  be  ingrafted  into  the  soldier  from 
his  recruit  days,  so  that  he  becomes  as  familiar  with  them  as  he  does 
with  his  drill.  It  is  not  possible  to  make  practical  sanitarians  of 
men  by  a  few  lectures  given  to  them  in  cantonments.  The  hygiene 
of  the  soldier  should  be  part  of  their  routine  teaching  and  work. 

One  recognises  the  fact  that  addresses  such  as  these  dealing  techni- 
cally with  the  health  of  the  army  in  peace  and  war,  do  not  solve  the 
question  of  practical  sanitation,  and  are  defective  in  many  respects, 
especially  lacking  in  practical  demonstration  of  many  of  the  points 
adduced,  and  in  many  cases,  wanting  in  detail.  Under  existing  cir- 
cumstances, however,  they  are  the  only  means  at  our  disposal. 

D.— Advantages  of  Education  in  Military  Hygiene. 

A  rudimentary  acquaintance  with  practical  sanitation  saves  many 
lives  and  a  great  deal  of  misery.  We  sometimes  acquire  infective  diseases 
on  account'of  the  ignorance  or  carelessness  of  those  with  whom  we 
live.  Every  person  in  the  army  should  therefore  have  at  least  a  general 
knowledge  of  the  rules  of  health  and  practise  them. 
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"  No  man  can  be  a  truly  great  general  who  is  ignorant  of  the  great 
laws  upon  which  sanitary  science  is  based.  One  of  the  greatest  leaders 
of  men  was  Moses,  and  it  is  curious  as  well  as  instructive  to  read  in 
Holy  Writ  the  laws  he  enacted  for  the  sanitation  of  his  great  camps. 
If  we  do  not  take  care  of  the  health  of  our  men  we  shall  never  be  able  to 
bring  them  '  smiling  to  the  post,'  and  unless  they  go  into  battle  laughing 
with  health  and  the  good  spirits  which  follow  on  good  digestion,  we 
must  not  expect  great  things  from  them"  (Lord  WoLSELEY.) 

"  As  regards  oflScers  the  possession  of  a  knowledge  of  applied 
hygiene  will  afford  one  more  qualificti on  to  command  and  supply  one 
more  agency  of  military  effectiveness."  *  "  Every  individual  soldier 
is  an  executive  sanitarian  and  unless  the  officer  and  non-commissioned 
officer  instruct  their  men  in  sanitary  measures,  the  best  efforts  of  the 
medical  officer  must  go  for  naught."  f 

The  sanitary  service  of  the  army  in  India  is  being  gradually 
completed.  Each  Division  has  now  its  trained  specialist  in  sanitation. 
Each  Divisional  Sanitary  Officer  has  had  the  highest  expert  training 
that  it  is  possible  to  obtain.  This  he  gets  at  the  Army  Medical  ychool, 
Millbank,  London.  He  has  also  gone  through  a  complete  course  of  out- 
door practical  sanitation  with  all  that  concerns  the  soldier's  life  in  peace 
and  war.  He  is  a  whole-time  officer  whose  sole  duty  is  connected  with 
the  practical  application  of  hygiene  to  the  requirements  of  the  army. 
He  is  also  a  trained  analyst  and  bacteriologist. 

Theoretical  and  practical  instruction  in  military  sanitation  is 
now  being  given  in  nearly  all  large  station  hospitals.  The  subjects 
dealt  with  are  mainly  those  enumerated  on  pp.  29,30.  The  course  usually 
consists  of  a  dozen  lectures  and  the  same  number  of  practical  demon- 
strations.   These  are  extended  over  a  period  of  three  weeks. 

The  practical  demonstrations  are  conducted  by  visits  of  the 
instructing  medical  officer  and  the  class  to  barrack  rooms,  cook-houses, 
ablution  places,  latrines,  and  urinals,  water-supply  stations  or  wells' 
incinerators,  night-soil  trenches,  regimental  institutes,  coffee  shops', 
canteens,  aerated  water  factories,  (dairies  in  which  all  the  possible  sources 
of  milk  contamination  are  pointed  out  and  the  methods  of  sterilisation 
shown  and  explained) ;  regim.ental  bazars,  in  which  the  state  of  the  food 
and  drinks  sold  is  pointed  out ;  the  slaughter-houses  are  visited,  live 
animals  and  carcases  inspected,  the  way  to  dispose  off  offal  pointed  out  ; 
the  bakeries  investigated  and  bread-making  explained,  the  dangers 
through  dirty  workmen  indicated  ;  the  laundries  are  visited  and  their 
proper  working  pointed  out ;  the  duties  of  the  mosquito  brigade  are 
demonstrated  and  dilated  on,  etc. 

*  Col.  R.  H.  Firth,  R.A.M.C,  MiUtarij  Hygiene,  p.  1. 

T  Major  R.  Blackham,  E.A.M.C,  Military  iSanitation,  p.  73. 
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At  the  present  time  we  are  makitig  efforts  throughout  the  army  in 
India  to  educate  British  and  Native  officers  and  all  non-commissioned 
officers  in  sanitary  matters  affecting  the  life  of  the  soldier  in  peace  and 
in  sanitary  discipline. 

It  is  hoped  that  by  the  series  of  lectures  and  demonstrations  that 
are  being  constantly  given  by  medical  officers  to  all  branches  of  the 
service  at  the  present  day,  education  in  preventive  measures  ^  will 
rapidly  spread,  and  that  sympathy  with  and  co-operation  in  sanitary 
organisation  will  soon  become  instinctive  principles  in  the  service. 

Eeal  and  well  grounded  sanitary  discipline  regarding  the  preven- 
tion of  disease  is  of  paramount  importance  throughout  the  army. 
Sanitary  discipline  is  as  urgently  necessary  as  fire  discipline.  There 
was  less  sickness,  preventable  disease,  and  inefficiency  in  the  regular 
army  than  in  the  volunteer  troops  during  the  American-Spanish  War 
of  1898,  because  the  sanitary  discipline  was  more  rigidly  observed 
in  the  former. 

The  company  officer  in  the  British  service,  the  double  company 
officer  in  the  Indian  army,  and  the  section  commanders  in  both,  are 
the  persons  who  are  constantly  with  their  men,  and  it  is  they  who 
should  become  thoroughly  familiar  with  the  elementary  rules  of  military 
sanitation  and  teach  their  men  how  to  apply  these  rules. 

Every  officer  also  owes  it  to  himself  to  scrutinse  the  sanitary  con- 
dition of  his  personal  surroundings,  apart  from  any  measures  that  may 
be  taken  by  regimental  or  central  sanitary  authorities.  If  each  person 
in  a  cantonment  carried  out  the  simple  laws  of  hygiene,  the  problem  of 
maintaining  health  would  be  much  simplified. 

One  of  the  greatest  effects  of  the  South  African  campaign  has  been 
the  official  recognition  of  the  fact  that  preventive  medicine  is  a  subject 
wh^ch  concerns  all  branches  and  all  ranks  of  the  army  |  and  the 
pvomul^ation  of  Army  Order  3  of  1908  is  one  of  the  most  important 
changes  that  have  occurred  in  the  present  generation. 

In  the  home  army  it  is  now  incumbent  on  all  officers  before 
promotion  to  the  rank  of  Captain  to  pass  an  examination  m  elementary 
military  hygiene  and  one  would  welcome  its  introduction  into  the 
?nd  an^Army  likewise.    Intimately  connected  with  tb^f.^^-  f^^^^^^ 
junior  officers  in  sanitation  is  the  routine  instruction  of  the  jnk  ajid 
file  in  the  rudiments  of  military  hygiene,  and  the  fo;™;^^^^      ^  ^f/^ 
for  carrying  out  the  details  of  practical  sanitary  work  so  far  as  pie» 
cribedTofthis  purpose  it  was  essential  to  create  a  centre  of  instruction 
irmi litarrBanit^ation,  a  school  of  instruction  was  organised,  ope^ied. 
and  conducted  in  Aldershot  early  in  1906       Coloiiel  R. 
R  A  M  C     Since  then  several  thousand  pupils  have  passed  thiougH  me 
of  instruction  including  combatant  officers  and  officers  of  the 
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R.A.M.C.  and  I.M.S.,  and  the  rank  and  file.  The  work  is  now  con- 
ducted in  a  special  building  erected  for  the  purpose  in  Aldershot,  and 
the  influence  its  passed  candidates  is  having  in  the  inculcation  of  the 
principles  of  hygiene  in  the  array  is  to  some  extent  being  felt  amongst 
our  European  troops  in  India.  It  is  fully  expected  and  earnestly  to  be 
desired  that  one  or  more  similar  centres  for  instruction  in  military 
sanitation  will  be  established  in  India  ere  long,  and  that  advantage 
will  be  taken  of  Colonel  Firth's  presence  in  India  in  the  organisation 
of  such  centres. 

We  as  military  medical  officers  can  only  advise  you  by  lectures 
on  hygiene  as  to  what  should  be  done ;  it  is  for  you  to  carry  out  our 
advice  and  see  that  the  men  under  you  also  do  so.  The  medical  officer 
might  preach  sanitary  science  without  end,  yet  no  advantage  to  the 
prevention  of  disease  will  accrue  if  his  teachings  are  not  put  into 
practice  by  those  whom  he  addresses. 

Work  of  Military  Medical  Services  in  the  History  of  Preven- 
tive Medicine. — "  It  was  in  the  camps  aud  barracks  of  the  soldier,  in 
field  service  and  in  tropical  and  unhealthy  climates,  that  the  lessons 
of  disease  prevention  were  first  learned,  and  it  may  be  truly  said  that 
the  science  of  hygiene  would  not  have  attained  the  important  position 
which  it  now  holds  in  relation  to  the  private  and  public  life  of  the 
people,  without  the  opportunities  which  the  conditions  of  military 
life  in  all  parts  of  the  world  afi"orded  for  studying  the  origin  and 
spread  of  disease,  and  the  efficiency  of  the  measures  taken  to  prevent 
it.  In  Grermany,  for  example,  it  is  freely  acknowledged  to-day  that 
national  military  service  has  been  the  chief  factor  in  raising  the 
standard  of  sanitation  throughout  the  country."  * 

It  is  to  military  medical  officers  that  the  world  owes  many  of  its 
greatest    discoveries  in  connection  with  the  infectious  diseases  of  the 
tropics.    To  mention  a  few  of  these  :  it  was  Surgeon-Major  R.  T.  Lewis 
A. M.S.,  who  first  discovered  blood  filarise  in  man  ;  to  Major  Ronald  Ross,' 
I.M.S,,  we  owe  our  knowledge  regarding  the  part  played  by  mosquitoes  in 
disseminating  malaria  ;  to  L  AVER  AN,  a  celebrated  French  Army  Medical 
Officer,  we  owe  the  actual  discovery  of  the  malarial  parasites  of  man  ;  to 
Read,  Carrol  and  Agremonte  of  the  U.  S.  Army  we  owe  the  discovery 
of  the  fact  that  the  "  tiger  "  mosquito  {Stegomyia  calopus)  transmits 
yellow  fever  from  man  to  man  ;  Colonel  Sir  David  Bruce,  R  A.M.C 
discovered  the  germ  that  causes  Malta  fever  {Micrococeios  melitensis) 
and  to  officers  of  the  Royal  Army  Medical  Corps  is  due  the  discovery 
that  goats  milk  is  the  real  source  of  Malta  fever;  to  Colonel  Sir 
Uavid  Bruce  is  also  due  much  of  our  knowledge  of  sleeping  sickness 
or  trypanosomiasis  and  the  family  of  biting  flies  (Olossina)  which 
transmit  it  from  man  to  man  ;  from  Strong,  Flexner  and  Clegg  of  the 

•  Journal  of  the  Royal  Army  Medical  Corps,  1st  January  1907,  p.  104. 
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U.S.  Army  we  have  learnt  much  regarding  the  various  forms  of  dysentery 
bacilli  that  infect  man;  to  Brigade-Surgeon  Lieut. -Col. Vandyke  Carter, 
I.M.S.,  we  owe  our  knowledge  of  relapsing  or  famine  fever  in  India; 
to  Colonel  Sir  W.  B.  Leishman,  R.A.M.C,  Major  Donovan,  I.M.S.,  and 
Major  Leonard  Rogers,  I.M.S.,  we  are  indebted  for  practically  all  we 
know  about  kala-azar;  through  Brigade-Surgeon  Lieutenant-Colonel 
D.  D.  Cqnningham,  I.M.S.,  Colonel  K.  H.  Firth,  R.A.M.C,  and  Major 
S.  P.  James,  LM.S,,  we  ascertained  the  nature  of  oriental  sore  ("  Delhi 
boil,"  Sind  sore,  etc.) ;  various  officers  of  the  Indian  Medical  Service 
ascertained  that  plague  is  primarily  an  epizootic  in  rats  and  that 
man  is  only  secondarily  infected  through  the  rat  flea ;  and  so  on,  one 
might  enumerate  various  other  important  discoveries  made  by  Military 
Medical  Officers  in  all  parts  of  the  world.  The  above  suffice  to  indicate 
the  role  that  the  Army  Medical  Officer  of  various  countries  has  played 
in  the  progress  of  the  world's  knowledge  of  infective  disease  and 
the  methods  adopted  in  their  prevention. 


Pre-eminent  examples  amongst  these  is  the  discovery  of  the  facts 
that  have  altered  the  whole  science  of  disease  prevention  in  the  case  of 
malarial  fevers,  yellow  fever,  Mediterranean  fever,  and  sleeping  sickness, 
filariasis,  diseases  which  affect  a  large  sbare  of  the  human  race. 

Medical  and  sanitary  officers  in  the  field  are  executive  officers  in 
connection  with  all  matters  affecting  the  health  of  troops.  Under 
our  existing  -regulations,  however,  they  have  few  executive  powers. 
They  may  make  recommendations  which  may  or  may  not  be  carried 
cub.  One  may  here  cite  a  few  instances  from  one's  personal  experience 
in  recent  times  which  illustrate  this.  When  acting  as  sanitary  officer 
of  a  Division  during  the  Agra  Concentration  of  1907,  one  repeatedly 
warned  several  Native  regiments  against  the  use  of  onusakhs  (goat-skins) 
for  carrying  water  for  troops.  One  made  a  sanitary  inspection  of  the 
whole  Division  camps  daily,  and  on  three  consecutive  days  found  hhistis 
using  musakhs.  Finally,  during  a  particular  inspection  nine  bhistis  of 
one  regiment  with  musakhs  were  made  prisoners.  A  young  officer  of 
the  corps  concerned  was  told  to  communicate  the  fact  to  the  command- 
ing officer  of  the  corps  with  the  request  that  the  hhistis  were  to  be 
punished  regimentally  for  disobeying  orders.  The  youthful  officer 
quickly  remarked  "  Well,  sir,  what  are  we  to  use,  we  have  nothing  else 
to  carry  water  in."  Orders  against  the  use  of  musakhs  had  been  issued 
to  all  corps  in  the  Division  as  one  of  the  sanitary  precautions  for  general 
adoption.  To  quote  another  instance  from  the  same  source.  Orders  were 
promulgated  that  a  man  of  each  regiment  was  to  see  that  the  regimental 
latrine  trenches  onlv  were  to  be  used,  and  to  be  always  on  duty  in  the 
vicinity  during  daylight,  that  is,  at  a  reasonable  distance  without  harm 
to  himself.  One  never  went  a  round  of  the  eleven  regimental  trenches 
in  which  there  were  not  from  three  to  seven  of  these  men  absent.  A 
sweeper  was  also,  by  order,  supposed  to  be  constantly  present,  and  m 
mo.st  visits  from  two  to  five  of  these  functionaries  were  absent. 
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Personal  hygiene  to  be  taught  tto  the  soldier.— The  time  has 
come  when  we  should  teach  every  officer  and  soldier  at  least  the  elemen- 
tary rules  of  general  and  personal  hygiene.  This  teaching  should  be  part 
of  the  routine  duty  of  military  medical  officers.  To  give  full  effect  to 
his  teaching,  the  matter  should  be  included  in  the  regulations  in  the 
same  way  as  other  duties  in  military  life  are— an  annual  course  of 
lectures  on  military  hygiene  to  all  ranks  should  be  considered  as 
important  as  the  annual  course  of  musketry.* 

Synopsis  of  the  teaching  required. — One  would  therefore  strongly 
advocate  that  a  course  of  simple  lectures  on  the  rudiments  of  mili- 
tary hygiene  and  sanitation  in  peace  and  war  be  given  by  all  medical 
officers  of  units  to  all  ranks  annually  or  twice  a  year  in  this  country, 
and  that  this  should  be  laid  down  in  the  regulations.  This  course 
should  deal  with  the  hygienic  and  sanitary  considerations  connected 
with  such  subjects  as  recruiting,  physical  development  of  recruits, 
marching,  water-supplies,  disposal  of  excreta  ;  clothing,  its  composition 
and  properties,  washing  of  clothes,  care  of  clothes  and  boots  ;  bathing 
and  personal  cleanliness  generally,  nature  and  prevention  of  disease 
in  general,  and  of  the  special  diseases  to  which  soldiers  are  liable  in 
peace  and  war;  rules  for  maintaining  health  and  the  reasons  for  them ; 
food  and  food-.supplies  and  their  qualities,  methods  of  cooking,  etc. 
The  number  of  these  subjects  could  be  greatly  increased,  and  yet  be 
within  the  scope  of  the  soldier's  requirements.  What  we  specially 
wish  to  do  is  to  tell  soldiers,  in  easy  language,  how  to  keep  well,  how 
to  prevent  disease,  and  to  give  them  simple  reasons  for  the  lessons 
we  impart.  A  thorough  grounding  in  the  principles  of  elementary 
hygiene  is  given  to  all  combatant  officers  and  men  of  the  Japanese 
army,  while  the  exact  execution  of  all  hygienic  measures  adopted  in 
field  service  is  guaranteed  by  the  strict  discipline,  and  the  natural 
desire  of  cleanliness  inherent  in  the  Japanese  soldier. 

We  have  scientific  reasons  for  all  modern  preventive  mea- 
sures.— We  have  scientific  reasons  for  believing  that  the  preventive 
measures  we  are  now  employing  in  the  army  are  based  on  a  sound 
principle— the  principle  of  cause  and  effect.  In  numerous  ways  we 
have  advantages  that  our  predecessors  of  40  years  ago  did  not  possess. 
To  illustrate  the  soundness  of  present-day  hygienic  measures,  let  us 
take  a  few  examples  from  the  commonest  diseases  that  affect  our 
Frontier  Armies  in  the  field. 

Malarial  fevers,  their  nature  and  prophylaxis.— We  now  know 
definitely  that  malarial  fevers  are  due  to  a  class  of  protozoon  invadincr 
the  red  blood  cells,  destroying  a  large  number  of  these  cells  during  each 
attack  of  fever,  and  invading  certain  organs  of  the  body  ;  that  the 
products  of  these  parasites  give  rise  to  the  pathological  and  clinical 

»  This  remark  was  made  by  me  in  a  lecture  iu  July  190G.  In  January  1907 
in  the  Horn        P"^"shed  prescribing  a  course  of  lectures  on  hygiene  to  all  ranks 
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sequence  met  with  in  all  malarial  fevers  lasting  any  length  of  time, 
that  this  protozoon  is  introduced  into  the  human  blood  by  certain 
species  of  anopheline  mosquitoes,  that  these  mosquitoes  acquire  their 
infectivity  from  the  blood  of  persons  already  the  victims  of  malarial 
infection  ;  and,  lastly,  that  quinine  has  the  power  of  preventing  the 
further  development  in  the  blood  of  the  spores  set  free  from  the  red 
blood  cells  during  the  first  part  of  each  attack  of  fever,  and  that  if 
given  before  a  sufficient  number  of  parasites  are  in  the  blood  to  create 
fever,  quinine  will,  in  the  vast  majority  of  cases,  prevent  such  fever 
altogether. 

The  task  of  preventing  malarial  fevers  generally  is  great,  because 
when  carried  out  in  its  integrity  it  has  to  deal  with  (1)  the  exclusion 
of  infected  persons  from  the  healthy ;  (2)  exclusion  of  adult  anophelines 
from  infected  persons ;  (3)  the  administration  of  quinine  prophylac- 
tically  to  all  persons  who  have  been  attacked  by  infected  anophelines ;  (4) 
the  destruction  of  the  ova  and  larvse  of  these  anophelines  in  their  breed- 
ing places,  and  (5)  protection  of  healthy  persons  from  adult  anophelines 
generally.  These  processes  are  being  carried  out  more  or  less  in  their 
entirety,  and  will  bear  fruit  in  future  campaigns  in  malarious  districts 
in  which,  as  far  as  practicable,  they  will  be  continued.  The  Japanese, 
at  one  period  during  the  late  war,  used  hand  and  head  mosquito- 
netting  to  protect  themselves  from  mosquitoes  ;  mosquito-proof  wire- 
gauze  verandahs,  doors,  and  even  inner  rooms,  are  now  largely  used  in 
the  West  Coast  of  Africa,  and  on  some  railways  in  Italy,  and  all  these 
measures  are  being  adopted  for  the  protection  of  workmen  in  the 
construction  of  the  Panama  Canal. 

Dysentery,  its  causes  and  prevention. — Regarding  dysentery,  we 
now  know  it  to  be  of  two  chief  kinds,  according  to  its  essential  cause ; 
amcebic,  due  to  a  lowly-organised  protozoon,  and  hacillary,  due  to  one 
of  several  varieties  of  bacilli  of  what  are  known  as  the  colon  group  or 
type,  this  form  of  dysentery  being  much  more  common  than  the 
amoebic.  These  bacilli  invade  the  large  bowel,  and  are  wide-spread  in 
soil  and  water  contaminated  in  any  way  by  excreta  of  infected  persons  ; 
usually  they  produce  no  evil  consequence  in  the  healthy  bowel,  because 
the  functionally  active  cells  lining  the  mucous  membrane  resist  invasion 
by  these  bacilli ;  when,  however,  these  cells  become  damaged  by,  say, 
the  irritation  of  imperfectly  cooked  food,  food  of  an  improper  kind, 
over-eating  when  fatigued  or  when  suffering  from  a  cliill,  or  from  any 
cause  of  indigestion,  these  bacilli  set  up  a  process  of  acute  catarrhal 
inflammation  of  the  large  bowel,  such  as  is  met  with  in  the  dysentery 
of  field  service.  We  know  that  the  excreta  of  these  cases  are  capable 
of  rapidly  spreading  the  disease  to  others.  This  teaches  us  the 
necessity  of  careful  attention  to  the  quality  of  the  food,  its  proper 
cooking,  the  avoidance  of  chill  and  all  causes  of  indigestion  ;  the 
destruction  by  incineration,  if  possible,  or  by  reliable  liquid  disin- 
fectants of  the  fteces  of  dysentery  cases,  the  need  of  isolating  these 
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patients,  and  sending  ttiem  down  to  the  base  or  to  special  field  liosj)itals, 
and  away  from  the  general  force. 

Typhoid  fever,  its  essential  cause  and  means  of  prevention.— 

Eecrarding  typhoid  fever,  we  know  it  to  be  due  to  a  particular  kind  of 
bacillus,  that  this  gains  access  to  the  bowel  chiefly  through  specific 
contamination  of  water  and  milk,  or  the  products  of  milk  or  through 
other  food  ;  that  the  fasces  and  urine  of  these  cases  contain  the  bacillus 
for  some  time  after  the  patients  recover  ;  that  soil  on  or  into  which 
these  excreta  are  cast  may  retain  the  bacillus  in  a  virulent  state  for 
many  weeks  ;  that  the  dried  and  pulverised  excreta  from  the  soil,  or 
floors  of  huts  or  tents,  may  be  blown  about  by  winds  and  swallowed, 
"  and  that  flies  carry  the  infection  from  various  sources  ;  we  also  know 
that  by  boiling  water  and  milk  this  bacillus  is  killed,  and  that  it  cannot 
pass  through  a  Berkefeld  or  a  Pasteur-Chamberland  filter.  The  lessons 
fi-om  these  facts  are  obvious,  especially  those  of  (1)  isolating  the 
patient,  (2)  incinerating  both  ffeces  and  urine  by  fire  or  destroying 
their  infectivity  by  such  powerful  agents  as  solution  of  corrosive  sub- 
limate, or  other  potent  disinfectant,  scrupulously  careful  attention  to 
water-supplies,  and  food,  and  to  latrine  trenches,  elimination  of  flies 
from  camp,  etc. 

Somewhat  similar  statements  might  be  made  with  regard  to  many 
other  diseases,  such  as  cholera,  infective  diarrhoea,  etc.,  met  with  in  India. 

Scientific  medical  work  in  India. — An  enormous  amount  of 
classical  work  has  been,  and  is  being  done,  in  connection  with  all 
these  and  other  diseases,  the  ultimate  practical  object  of  which  is  to 
place  our  preventive  and  curative  methods  on  a  sounder  basis.  For 
example,  solid  scientific  bacteriological  and  biological  work  is  beincr 
carried  out  in  India  at  the  present  day  at  the  Lister  Institute  of  Bombay', 
King  Institute  of  Madras,  the  Central  Research  Institute  in  Kasauli 
and  with  their  selected  staS"s  of  trained  bacteriologists  are  constantly, 
quietly  and  noiselessly,  adding  to  our  knowledge  of  tropical  disease 
and  methods  of  prevention.  The  annual  reports,  special  papers  and 
literature  generally,  emanating  from  these  institutions,  indicate  that 
the  general  trend  of  work  is  towards  elucidation  of  causes,  and  the 
establishment  of  preventive  methods  on  sounder  bases.  The  annual 
reports  of  our  Command  Sanitary  Officers  show  that  no  outbreak  of 
preventable  disease  escapes  investigation,  and  that  an  endeavour  to 
perfect  our  present  measures  of  prevention  is  their  watchword. 

E.— Statistics  of  Disease  in  Peace  and  War. 

All  works  on  military  hygiene  should  deal  with  at  least  part  of 
the  past  history  of  disease  in  armies,  the  causes  that  gave  rise  to  them 
and  the  effects  that  have  accrued  from  measures  adopted  to  keep  them' 
in  check.  Without  such  items  in  the  history  of  military  hygiene "  we 
are  liaWe  to  lose  sight  of  the  dangers  that  always  exist,  and  perhaps 
not  be  prepared  for  them  when  they  arrive.    It  may  therefore  be 
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instructive  for  us  to  briefly  review  the  extent  to  which  disease  has  been 
responsxb  e  fen-  loss  from  inefficiency  in  armies  in  the Tas  and^^^^^^ 
contrast  it  with  our  present-day  medical  statistics.  ' 

fi.  ,  ^^^tvf^^^f °^  ^''^  "^^^'^  ^^-^i^s  of  modern  times  show 

that  both  sickness-rate  and  mortality  are  undergoing  progressive 
decrease.  That  red  action  is  largely  due  to  the  adoption  of  the  teachings 
ot  sanitary  science.  ° 

inn  I,^osressively  reduced  sickness  and  mortality  .-There  has  during  the  last 
100  years  been  a  progressive  reduction  in  the  sickness  and  mortality  in  not  onlv 
our  only  army,  but  ui  that  of  all  civilised  nations.    During  the  Sst  L  f  of  the  £ 
century  the  annual  death-rate  of  our  European  troops  in  India  was  about  70 
1,000  ;  during  the  last  ten  years  it  has  been  Jess  than  10  per  1,000. 

The  following  table*  shows  the  amount  of  sickness  and  mortality  among  our 
European  soldiers  m  India  in  the  first  half  of  the  last  century  :—  ^^inung  our 


Garrison. 

Period. 

Annual  Eatio 

FEB  1,000  OF 

Strength. 

Period. 

Annual  Eatio 

PER  1,000  OF 

Strength. 

Admitted 
as  sick. 

Died. 

Admitted 
as  sick. 

Died. 

Bengal 
Madras 
Bombay 

1817—1836 

)l 

1,577 
1,783 
1,451 

75-6 
761 
62-8 

1838—1856 
)» 

2,047 
1,741 
2,117 

76-2 
41-5 
609 

The  sickness-rate  and  mortality  were  during  these  periods  at  home  also  very 
high.  Contrasted  with  the  periods  given  in  the  foregoing  table  is  the  one  of  the 
European  army  in  India  for  the  years  1859  and  1906. 


Per  1,000  of  Strength. 


Admissions 
for  sickness. 
1859.  1906. 

Deaths. 
1859.  1906. 

Invalided  for 

sickness. 
1859.  1906. 

1  Constantly 
non-effective 
1859.  1906. 

India  ... 

J, 814 

833-6 

322 

10-38 

11 

8-84 

68 

52-41 

About  the  year  1858  at  home  the  mortality  of  soldiers  was  about 
2^  times  greater  than  that  of  agricultural  labourers,  and  about  twice 
that  of  in-door  labourers.  The  subject  as  to  the  causes  of  this  prepon- 
derance of  disease  and  mortality  in  military  life  was  investigated,  and 
these  causes  to  some  extent  ascertained  and  strenuous  efforts  made  to 
remove  them.  The  great  cause  was  found  to  be  consumption  from  over- 
crowding and  defective  ventilation,  while  other  diseases  arose  from 
defective  feeding,  improper  clothing,  etc. 

In  the  German  Army  the  admissions  per  1,000  in  1868  was  1,496  ;  in  1905,  it  was 
605,  the  death-rate  in  1808  was  6-9,  in  1907  it  was  1-9.  In  the  French  Army  the 
admission  rate  in  1885  was  1,130,  in  1905  it  was  660  ;  the  death-rate  was  7-8  in  1885 


*From  Col.  K.  H.  Pirxh's  Military  Hygiene,  p.  6. 
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nnd  1905  it  was  3-11  For  the  same  years  in  the  United  States  Army  the  admission 
and  1JU5  t  ^^as  o  11     i  o  ^eath-rates  7-3  and  6-1.    The  admission  rate  of 

I^Iirhm  a'S;.:  Sp^t  1905  wa.  325  per  1,000  and  ;eatVate^-2^  ^Jn 
the  AustrcHuugarian  Army  in  1905  the  admission  rate  was  636  per  1,000  and  the 
death-rate  2  2. 

In  1860  in  the  British  Army  in  India  there  were  oyer  1 ,500  admissions  and  nearly 
1  000  deaths  from  cholera.  1  n  1867,  529  men  died  of  cholera.  lu  the  10  years  1897- 
906  only  310  men  died  of  this  disease.  "  In  1869  the  army  inlndia  lost  from  cholera 
jFone  nel,1y  three  times  as  heavily  as  it  lost  ii,  1906  from  f  ^L^^^f^^^iJ^^f 
1869  different  regiments  lost  one-sixth,  one-fourth  and  even  one-third  tlieir 
numbers  in  a  few  leeks  from  cholera."  Twenty  years  ago  we  had  cholera  every 
year  at  certain  seasons  in  many  .statious,  frequently  m  the  form  of  explosive 
epidemics  due  to  specific  contamination  of  water-supplies. 

In  1860  we  lost  by  death  and  invaliding  from  tuberculosis  1,143  men.  lu  1906, 
with  an  army  of  230,000  strong,  we  lost  only  590  men,  a  reduction  of  nearly  faO  per 
cent* 

Fifty  years  ago  tha  death-rate  from  consumption  in  the  Guards  at  home  was 
three  times  greater  than  that  of  the  civil  population  ;  now  it  is  less.  At  that  time 
10  men  out  of  ev(  ry  regiment  died  annuiilly  of  consumption,  now  the  average  is 
about  2.    In  India  the  consumption  death-rate  is  now  about  1'8  per  1,000. 

The  great  reduction  of  tuberculosis  in  the  army  is  due  to  iraproved 
ventilation,  the  absence  of  overcrowding,  and  the  immediate  isolation 
and  invaliding  of  all  cases  of  tuberculosis.  "  This  policy  (of  invaliding) 
reduces  to  a  minimum  the  opportunities  afforded  for  the  spread  of 
tubercular  infection  among  soldiers.  Its  practical  efficacy  can  only 
be  secured  by  the  co-operation  of  regimental  officers  in  preventing 
overcrowding  in  barracks,  and  the  maintenance  of  cleanly  habits 
among  the  men,  notably,  the  strict  suppression  of  spitting." 

The  general  health  of  both  Native  and  European  troops  has 
improved  throughout  the  country,  and  there  are  solid  grounds  for 
believing  that  this  improvement  will  continue.  We  have  by  no  means 
reached  the  obtainable  limits  of  sickness  and  mortality  yet.  There  are 
still  many  directions  in  which  improvements  may  be  effected. 

In  peace  times  the  chief  diseases  of  our  European  troops  in  India 
at  present  are — venereal  diseases,  malarial  fevers,  lyphoid  fever, 
diarrhoea  and  dysentery,  heart  affections,  rheumatism  and  local 
injuries.  The  chief  causes  of  death  are — typhoid  fever,  pneumonia  and 
abscess  of  the  liver. 

The  chief  causes  of  invaliding  from  the  service  in  European  troops 
are  various  affections  of  the  heart,  and  at  some  distance,  tuberculosis, 
diseases  of  the  lungs,  debility  and  diseases  of  the  nervous  system. 

Service  of  European  troops  in  India  does  not  increase  permanent 
invaliding,  because  the  men  are  carefully  chosen,  and  a  large  number 
are  now  sent  home  for  change.  There  are  about  25  per  10,000  invalided 
annually  of  whom  only  9  per  10,000  are  permanently  invalided. 

*  Journal  of  the  Royal  Army  Medical  Corps,  July  1908,  p.  66. 
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dysenTeSasS^h'r^^^^^  i^a^i..^.,n,  in  peace  times  are-:nalaria, 
troubles/^en   e     c^sts     ,f  ^  T'^^^""  digestive 

causes  of  cleath  \^ZTenmaT^^^^  '^'^  ^"j"^'^^'^'  ^^'^^/ 
tubercle  of  the  lungs.  ^  ' malaria,  enteric'  fever,  and 

injuries,  debilitV  and  r^aL  £  That  malSs  'll^t^^^^^  ''V""^^' 
of  inefficiency  is  shown  bv  the  finrf W  n  at  ^o°^"^ant  cause 
there  wprP  i\  .ms  T    ^  r^    ^^""^.^^^^  1^  tlie  Native  Army  in  1908 

s  pir  1  000  of  St  ewi  ^«  ^'2.7  admis- 

thnf  lfl  stiength,  and  in  several  stations  the  average  showed 

that  every  man  was  admitted  during  the  year  for  malaria  ^ 

dyse^J;^^S^.:^Xri:^ 

XTl^TZZZ ^^"-S^l^o^ 

In  Indian  Frontier  Warfare  there  is  often  a  six-fold  increase  of 
dysentery,  infective  diarrhcBa  and  typhoid  fever,  as  com  ^ed  w  th 

sss— ^^^^^ 

and  Pitc^1tmf'-fo7^T      ^''^  U^^^ed  Statea  Army  is  G-14;  British  Army 

wi£f?^£^~aif »' 

AustrYlfunlSv^ fiP^if,  [y^^^JJ^'T^'  :-United  States,  179  per  1,000  ;  French,  67  ; 
in  Inclia    n5  ^Thp'    "r' ^'"^T'  Vv.  at  home  82  and 

n  which  .Jifp  Jl.  ni'          k''"^'  """^  ^^'^  ^^''^^^  '-^re  the  only  armies 

^^nereal  disSie^^^^^^  ^"  ^"''^^        preventing  the  spread  of 

141  S?.*Pnf?n^^7^^  common  in  the  French  Army  in  which  there  is  an  average  of 
rtli.^  T^.i'^.  i  «*^^°f  :  ^?  lifTe  about  15'6  per  1,000  in  our  European  troops  in 
Jw.  U  nT;  o    '"^^''^^  States,  3'57.    In  our  European  troops  at  home 

theie  IS  a  lower  enteric  fever  rate  than  in  any  other  European  Army. 

Tuberculosis  in  different  armies  :-French,  5  3  per  1,000  of  strength  ;  United 
btates,  4-7;  British  Army  (at  home,  and  Russia,  2'5  ;  German  and  Austro-lluugary, 
l  Ab.  -Uisease  ot  the  heart  is  much  more  common  in  the  lirilish  Army  than  any 
Other  army  in  Europe,  occurring  to  the  extent  of  7-3  per  1,000  as  conirasted  with 
United  btates,  d'ti  ;  German,  3-6;  French  and  Kussian,  2-5;  and  Austro-Hungaty,  1'9. 

The  branches  of  the  service  to  which  men  belong  and  the  stations  they  are 
quartered  in,  affect  the  extent  to  which  men  are  rendered  iiifflicieut  by  disease  ;  in 
cavjilry  it  is  highest,  then  infantry,  la.stly  aitillery  ;  the  technical  corps  are  the 
healthiest,  potsibly  because  of  their  liigher  status,  higher  class,  belter  education  and 
belter  pay. 
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Statistics  show  that  the  mortality  of  troops  at  home  is  now  less'than 
it  is  in  civil  life,  and  in  both  European  and  Native  troops  in  India  it  is; 
considerably  less  than  that  of  the  natives  of  the  country. 

The  most  important  military  medical  statistics  are The  admission 
from  disease,  the  death-rate,  rate  of  permanent  invaliding,  and  the 
number  constantly  sick.  These  must  be  taken  collectively  to  be  of  real 
value.  The  admission  rate  is  not  reliable,  nor  is  the  number  constantly 
sick,  which  depends  on  the  latter,  and  both  these  are  regulated  by  the 
rigidity  with  which  the  regulations  are  carried  out  as  regards  admitting 
men  who  are  really  ill.  The  death-rate  is  greatly  reduced  by  removal 
of  men  likely  to  die  by  invaliding  (as  in  the  case  of  tuberculosis).^  A 
high  invaliding  rate  often  means  a  low  death-rate.  The  fairest 
index  of  comparative  non-effectiveness  is  probably  represented  by  the 
losses  by  death  and  invaliding. 

There  is  a  distinct  difference  between  the  causes  of  disease  and 
mortality,  and  the  factors  that  bring  those  causes  into  operation,  in 
times  of  peace  and  during  warfare. 

It  is  not  to  be  expected  that  a  force  in  the  field,  whether  in  tents, 
billets  or  bivouac,  will  remain  as  healthy  as  in  cantonments.  "  The 
inevitable  physical  and  mental  stress,  the  fatigues  of  marching,  insuffi- 
cient and  irregular  meals,  scanty  and  often  bad  water,  and  a  number 
of  breaches  of  rules  of  personal  hygiene  that  are  inseparable  from 
campaigning,  must  tend  to  lower  the  general  health  and  the  resisting 
power  of  the  men." 

There  have  been  many  instances  in  which  the  same  nation  has 
sent  expeditions  at  different  periods  over  the  same  ground  with  vastly 
different  results  as  regards  sickness-rate  and  mortality  from  disease. 
In  our  own  army  we  have  had  the  terrible  Ashanti  Expedition  of  1854; 
as  contrasted  with  the  excellently  organised  expedition  of  1873-74.  In 
the  former  all  the  force  melted  away,  all  that  did  not  die  were  invalided. 
In  1873  the  death-rate  was  1'7  per  1,000.  Again  our  Walcheren- 
campaign  as  compared  with  other  campaigns  in  Holland.  The  terrible 
record  of  sickness  and  death  in  the  Crimea  in  1854,  as  compared  with 
the  marvellous  change  for  the  better  in  the  winter  of  1855-56.  The 
Russian  campaign  in  Turkey  in  1828  as  compared  with  that  of  1878. 
The  Russian  army  of  100,000  strong  that  invaded  Turkey  in  1828 
returned  to  Russia  two  years  later  with  only  15,000  of  their  original 
number.  The  vast  majority  of  the  85,000  were  the  victims  of  disease 
that  followed  them  over  the  Balkans  into  Turkey  and  back  again. 

The  history  of  the  past  shows  that  there  ha.^  been  an  enormous  waste 
to  field  armies  from  sickness  and  death  due  to  preventable  causes. 

In  the  Walcheren  Expedition  of  1809  the  deaths  from  disease  were 
347  per  1,000,  whilst  the  entire  force  was  non-effective  from  disease. 
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In  the  Peninsular  War,  tliree  times  as  many  men  were  lost  by  disease 
as  from  the  wounds  of  the  enemy,  and  all  the  force  passed  through  the 
hospitals  twice  from  disease. 

In  the  Tirah  Expedition  of  1897-98  there  were  25  admissions  for 
disease  for  one  due  to  injuries  inflicted  by  the  enemy,  and  14  deaths 
from  infective  disease  to  each  death  from  war  injuries. 

Napoleou  lost  40,000  men  round  P.iris  from  typhus  feyer  after  his  return  from 
Moscow. 

In  1870,  the  French  lost  23,000  men  from  small -pox  whilst  the  Germans,  exposed 
lo  the  same  infection  but  were  efficiently  re-vaccinated,  lost  only  200. 

In  South  Africa  during  the  three  years  the  war  Listed,  typhoid  fever  accounted 
for  one  tenth  of  the  admissions  into  hospital,  dysentery  one-fourteenth,  therefore 
both  these  diseases  together  about  one-sixth  ;  they  caused  two-thirds  of  the  total 
deaths  from  disease,  niid  one-halt  of  the  total  deaths  from  all  onuses.  Dysentery 
alone  accounted  for  31,000  admissions. 

In  the  American-Spanish  w  nr  of  1898  disease  decimated  the  American  army 
before  they  even  sailed  for  Cuba. 

Disease  much  more  frequent  than  wounds  in  war. — The  medical 
histories  of  all  our  frontier  wars  tell  us  that  the  invaliding  rate  and 
mortality  from  disease  have  always  been  greatly  in  excess  of  those  due 
to  injuries  and  wounds  inflicted  by  the  enemy.  This  was  markedly  the 
case  in  the  third,  fourth  and  fifth  Burmah  wars,  in  Tirah,  Afghanis- 
tan, Bhotan,  and  even  comparatively  recently,  in  Thibet.  In  large 
expeditions  in  which  a  mixed  force  of  the  Indian  Army  takes  part,  in 
general  terms  malarial  fevers,  dysentery,  diarrhoea,  enteric  fever,  and 
pulmonary  affections  (especially  pneumonia  and  bronchitis)  are  the 
predominating  causes  of  deaths  and  inefficiency  from  sickness.  These 
statements  are  fully  borne  out  by  the  tables  given  in  the  Appendix 
abstracted  from  the  medical  histories  of  the  campaigns  and  expeditions 
to  which  they  refer. 

Inefficiency  from  diiease  as  compared  with  that  due  to  injuries  inflicted 
by  the  enemy-  — In  all  modern  wars,  except  l,he  Franco-German  and  the  late  Russo- 
Japanese  war,  the  proportion  of  sick  to  the  force  has  been  very  considerable,  and  the 
deaths  due  to  disease  have  been  grently  in  excess  of  those  due  to  injuries  inflicted 
by  the  enemy.  In  the  South  African  war  there  were  about  7,000  deaths  from 
wounds  and  accidents,  and  about  14,800  from  diseases,  and  in  the  same  war  we 
had  about  450,000  admissions  from  disease,  and  of  these  about  63,000  were  invalided 
home.  The  Japanese  in  the  recent  war  had  47,  367  killed  whilst  only  .I7,.533  died 
from  disease. 

American  Army  in  Cuba  during  1898.-In  Cuba  in  1898  in  the  United  States 

Army  only  347  soldiers  died  from  actual  wounds,  2,565  died  from  disense  ;  and 
defective  "medical  and  sanitary  arrangements  are  said  to  be  responsible  for  a  certain 
proportion  of  these  latter.  There  has  been  a  curious  coincidence  m  the  experience 
of  the  United  Slates  Army  in  the  Philippines  and  in  our  own  European  troops  during 
most  of  our  former  frontier  wars-malarial  fevers,  dysentery  and  enteric  fever 
being  the  maladies  chiefly  suffered  from  in  both  cases. 

French  in  Madagascar  in  1894.-The  French  in  their  Madagascar  campaign 
suffered  terril.ly  l  rom  disease -especially  malarial  fevers,  dysentery,  enteric  fever 
S  nphthalmin.;  "  climatic  exposure  and  deprivations  fiually  givmg  rise  to  heart- 
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.ending  sicWness  .nd  mortality  "    Of  a^out  15J  men  6  OCK)  are  said  to^ha^.e  di^^^^ 

reZTonr^^:^'^^^^^^^^  ^^'^'^ 

Jeturmug  ?o  PrLce,  between  90  and  100  men  died  on  the  voyage. 

«  X.  i.v«^c4-o+,-o+ip(!  AoDendix -For  further  statistics  showing  the 
For  further  Sta^^^^^^^  i'^3uries  inflicted  by  the 

great  il'^P'-opo-^^'Pf  t^e  figures  <"ontained    in  the  medical  histories  of  our 

Hnr^' :m%gns.-somf  ^of  Z  more    recent  ones  are  given  in  the 

Appkndix. 

The  following  comprehensive  table  *  shows  at  a  glance  that  the 
degree  of  disease  incidence,  as  well  as  the  amount  of  losses  sustained 
from  acts  of  the  enemy,  has  varied  immensely.  "  This  is  not  to  be  won- 
dered at  considering  the  diversity  of  conditions  under  which  these  little 
wars  or  expeditions  have  been  conducted.  The  most  striking  feature 
of  these  statistics  is  the  marked  excess  of  the  sickness-admission  rates 
over  those  for  injuries  received  in  action.  Roughly  it  may  be  said,  that 
for  each  man  admitted  to  hospital  for  some  wound  or  injury,  there  are 


Expedition  or  wnr. 


Ashanti,  1873-74 
Perak,  1875-76 
Zululand,  1879-80 
Afghanistan,  1879-80 
Egypt,  1882 
Sudan, 1884 
Nile,  1884-85 
Suakim,  1885 
Sudan.  1885-86 
Nile,  1889 
Ashanti,  1895-96 
Chitnil,  1895 
Dougola,  1896 
Bechuanaland,  1896 
MHshonaland,  1896 
Tirah,  1897-98 
Nile,  1898 
China,  l'JOO-01 
South  Africa,  1899-01 


Ratios  pek  1,000  of  Strength. 


Admission, 


For 
disease. 

For 
wounds  or 
injuries  in 
action. 

Total. 


From 
disease. 

From 
wounds  or 
injuries  in 
action. 

Total. 

4740 

70-0 

544  4 

1610 

60 

22-00 

227  0 

1  6 

2-28  6 

20-00 

1-6 

21-60 

7390 

12-0 

751-0 

24-83 

1  8 

26-63 

869-9 

61-0 

9200 

36  03 

6-92 

42-95 

554  0 

29  0 

583-0 

6-06 

7-15 

13-21 

76-2 

49-2 

125-4 

31-36 

31-36 

808-6 

22-4 

831-0 

4b'oi 

11  70 

51-71 

282-9 

13-7 

296-6 

7-87 

6  50 

14  37 

1100  3 

46-9 

1147-2 

29-44 

9-S-2 

39-26 

73  5 

3-3 

76-8 

1.31 

0  65 

1  9G 

49-27 

49-27 

0-56 

0  56 

153'J-00 

"14  0 

If) 4400 

49-39 

"5-10 

54-49 

976-60 

976-60 

81  70 

8i  70 

531  00 

"ii-0 

542  00 

28-60 

26 

:'l-20 

782-00 

53  0 

835-0 

3  80 

150 

18-SO 

573-8 

256 

599-4 

28-24 

2  G7 

.■'0  91 

1101  7 

56  7 

1,058  4 

3H-18 

15-67 

51-85 

1051  7 

10  2 

l,Ofil  9 

22-71 

2-35 

25-06 

746-0 

340 

780  0 

69  00 

42-00 

lU  06 

Deaths. 


25  admitted  for  some  form  of  disease.  The  disparity  is  less  marked  in 
the  corresponding  death-rates,  but  even  there  it  is  quite  the  exception 
for  the  death-rates  from  action  effects  to  be  in  excess  of  those  from 


*  From  Col.  11.  H.  Firth's  Military  Hygiene,  p.  25, 
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orTuUu  v  >^%rf-  'Z^''^^'''  ^'-'"^  ^^^^^^^  wounds 

h.r-'  ^fn  '^^'^'""'^^""'^  and  death-rate  vary  considerably 

0  al?i:  I  k  T^r^-  campaigns.   The  onl  character^  fc 

of  all  ,s  the  high  admission-rate  for  sickness  as  compared  with  that  from 
injuries  inflicted  by  the  enemy. 

_  Campaigns  have  more  than  once  been  entirely  abandoned,  because 
of  the  amount  of  sickness  at  the  bases.  Surrenders  have  at  times  been 
entprced  by  reason  of  the  amount  of  disease  amongst  the  besieged  in 
forts  and  garrisons.  " 

The  special  causes  of  disease  in  war  are  climatic  exposure  pol- 
lution of  water,  soil  and  air,  and  indiflfereut  food.  Preventable  diseases 
invariably  play  a  very  important  part  in  the  sickness-rate  of  Indian 
frontier  campaigns.  The  diseases  chiefly  met  with  are  due  to  microbes 
{protozoal  or  bacterial)  which  are  disseminated  by  water,  air  dust 
food,  flies  and  mosquitoes.  '      '  ' 

Opinions  regarding  the  comparative  absence  of  disease  in  Japanese  in 

tnelate  war.— bome  writers  liave  given  us  unofficial  accounts  of  the  results  of 
medical  and  preventive  measures  adopted  by  the  Japanese  during  the  late  war 
which  are  mostly  second-hand.  Some  of  these  are  highly  coloured,  optimistic 
comparisons  with  the  results  obtained  by  other  ])owers  during  campaigns;  others 
consider  that  most  of  the  accounts  published  are  exacrgerations.  There  are,  how- 
ever, many  official  and  reliable  accounts  of  Japanese  Medical  Organisation  in  the 
field,  as  well  as  various  works  dealing  with  the  war.  We  may  quote  from  a  few  of 
these.  ^  In  The  Sie(/e  and  Full  of  Port  Arthur,  p.  2G8,  Mr.  RicHAun  Smith  tells  us 
that  "the  casualties  of  fighting  during  the  siege  amounted  to  G5, 000,  the  number 
put  out  of  action  by  sickness  ran  to  nearly  25,000  more.  The  proportion  of  sick  to 
wounded  is  phenomenally  low.  In  no  previous  war  were  the  methods  for  killing 
and  wounding  so  fertilH— including  the  use  of  the  large  ll-inch  howitzers  and  the 
siege  tr9,ins,  the  full  use  of  dynamite  for  explosions,  and  the  annihilating  hand 
grenades."  He  speaks  highly  of  the  skill  of  the  Japanese  Surgeon  and  the  fine 
modern  equipment  of  their  hospitals.  "  It  is' j.ossible  that  the  insanitary  state  of 
the  hospitals  in  rear  of  the  lines  at  the  front  may  not  have  had  the  same  deadly 
effect  similar  conditions  would  certainly  have  had  upon  the  wounded  in  any  Wes- 
tern Army."  "  The  hospitals  themselve"s  were  clean  and  good,  but  the  surroundings 
were  insanitary."  He  tells  us  that  the  Japanese  bear  pain  wonderfully,  that  little 
anaisthesia  was  adopted,  even  in  hirge  and  long  operations. 

Explanations  given  as  to  exemption  of  Japanese  from  disease  unfounded.— 

It  has  been  repeatedly  stated  by  writers  that  there  is  something  racial  or  national 
in  the  comparative  absence  of  typhoid  and  other  camp  diseases  in  the  army  around 
Port  Arthur.  This  is  extremely  doubtful.  The  Russians  inside  Port  Arthur  appear 
to  have  suffered  severely  from  virulent  typhoid,  but  this  can  be  explained  without 
resorting  to  the  sweeping  theory  of  national  exemption  on  the  part  of  the  Japanese. 
It  will  be  seen  later  on,  that  the  Japanese  did  suffer  from .  both  enteric  fever  and 
dysentery,  and  that  with  the  exception  of  beri-beri,  these  were  their  chief  diseases. 
One  other  point  in  favour  of  Japanese  is,  that  they  have  a  wonderful  control  over 
their  thirst,  and  all  the  soldiers  wisely  avoided  any  water  over  which  a  notice  that 
it  was  unfit  for  drinking  was  placed. 

Major  Seaman's  lU.  S.  A.)  opinion.— Many  things  point  to  the  fact  that  the 
Japane  se  were  conscious  that  tin;  great  est  harm  to  lart;e  armies  in  long  campaigns 
is  preventable  disease,  and  they  made  great  efforts  to  neutralise  this  enemy.  Major 
§,KAMAN,  U.  S.  ,A.,  on  interrogating  a  distinguished  Japanese  officer  during  the  cam- 
paign on  this  subject  received  this  reply  :  "Yes,  we  are  prepared  for  this  (preven- 
table disease).    Russia  may  be  able  to  place  2,OUO,000  in  the  field;  we  can  supply 
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600  000  You  know  in  every  wiir,  four  men  die  of  disease  for  every  one  who  falls  from 
bullets.  That  will  be  the  position  of  Russia  in  this  war.  We  propose  to  eliminate 
disease  as  a  factor.  JSvery  man  who  dies  in  our  army  must  fall  in  the  Held  ot 
battle— in  this  way  we  'shall  neutralise  the  superiority  of  Russian  numbers,  and 
stand  on  a  comparatively  equal  footing." 

"Up  to  August  1904— 9,862  cases  had  been  received  in  the  Japanese  Hospital 
at  Hiroshima,  of  whom  6,636  were  wounded.  Of  the  entire  number  up  to  that  time 
only  34  had  died.  The  loss  from  preventable  disease  in  the  past  six  months  was 
estimated  at  one  per  cent.,  this  in  what  was  considered  an  unhealthy  country." 
Compare  this  with  the  losses  of  the  British  in  Burmah  during  the  3rd,  4th  and  5th 
wars,  in  Tirah,  Somaliland,  and  with  the  American  losses  during  the  Spanish- 
American  war  in  Cuba,  and  even  worse,  in  the  Philippines.  In  Cuba  the  mortality 
from  wounds  was  347,  from  disease  2,563— that  is,  about  7  to  1— one  per  cent,  m  the 
Japanese  as  compared  with  35  per  cent. 

"Probably  there  never  was  such  a  clean  army  as  this  in  the  history  of  the  world. 
It  is  possible  to  march  on  a  hot  day  in  the  middle  of  a  battalion  without  any  offence 
to  the  most  delicate  nostrils.  We,  I  am  told,  are  by  no  means  equally  inoffensive 
to  the  Japanese.  However  cleanly  we  may  be,  our  habit  of  devouring  great 
quantities  of  meat  gives  us  a  carnivorous  aroma,  which  is  not  at  all  to  their  taste. 
It  is  dreadful  even  to  suspect  that  when  we  think  ourselves  most  fascinating,  we 
may  only  succeed  in  reminding  our  pretty  Geisha  friends,  of  a  zoological  garden 
on  a  hot  afternoon."  * 

Higli  state  of  perfection  of  Medical  Organisation  of  Japanese.— AH  accessible 
records  point  to  the  fact  that  in  the  Japanese  Army  the  medical  organisation  is 
considered  very  important,  and  that  preventive  measures  against  disease,  take  a 
foremost  position.  So  much  so  is  this  the  case,  that  their  men  have  been  stated  to 
be  pampered  and  "  coddled,"  and  that  all  ranks  are  dominated  by  doctor's  orders. 
Nevertheless  the  decidedly  beneficial  effects  of  those  orders  appear  to  have  been  all 
that  could  be  desired  in  the  reduction  of  preventable  disease.  The  doctors  have 
acquired  universal  confidence  in  the  army  by  reason  of  their  undomitable  pluck, 
solid  earnestness  in  their  work,  uutiring  energy,  unswerving  devotion  to  duty, 
enthusiasm  as  regards  the  care  of  the  sick  and  the  prevention  of  disease,  in  which 
connection  their  instructions  are  always  implicitly  obeyed  by  all  ranks. 

Hardiness  of  the  Japanese  Soldier.— The  Japanese  had  shown  their  hardiness 
before  the  late  war.  Though  uuaccuslomed  to  the  rigours  of  a  severe  winter,  the 
Japanese  soldiers  in  1894-5  bivouacked  on  ground  frozen  and  covered  with  suow  ; 
they  marched  in  the  face  of  driving  winds  and  blizzards  for  miles  and  miles  over 
rough  stony  ground,  slippery  with  ice  or  frozen  sleet,  or  snow,  starling  at  2  or 
3  A.M.,  daily,  and  frequently  not  •ndiug  their  march  until  late  at  night,  the 
thermometer  constantly  below  zero.  Some  of  them  even  marched  under  such 
conditions  with  frost  bitten  feet,  their  worn  out  shoes  offering  no  protection. 

The  terrible  ravages  from  scurvy  amongst  the  Russians  in  Port  Arthur  — 

At  the  capitulation  ot  Port  Arthur,  the  Russians  had  in  their  hospitals  there  about 
17,000  men,  of  these  only  3,389  were  wounded,  the  others  suffering  from  various 
diseases.  The  most  common  was  scurvy,  of  which  there  were  5,625  serious  cases 
under  treatment,  but  besides  these  about  90  per  cent,  of  the  men  in  the  hospital 
were  suffering  from  slighter  attacks  of  the  disease,  which  was  also  spreading  rapidly 
amongst  the  men  in  the  forts  and  trenches.  Ten  days  before  the  capitulation  there 
were  about  100  fresh  cases  daily,  but  the  number  increased  rapidly  to  200,  400,  800 
and  1,000  on  the  last  days  -it  is  stated  that  in  a  few  days  the  whole  garrison  would 
have  succumbed  to  it.  The  state  of  the  hospitals  at  this  time  was  very  bad,  they 
were  overcrowded,  and  the  fresh  sick  steadily  increased.  The  bandages  and  com- 
presses had  given  out,  compresses  were  improvised  from  seaweed  washed  in  solution 
of  potash  ;  there  was  no  edible  food  for  the  sick  and  wounded,  lack  of  fresh  fruit 
am  vcgetaides  was  k«ouly  felt;  bread  and  horse-flesh  alone  were  used  as  food— poor 
tare  for  sick  men.    Our  own  exijerieuce  of  this  disease  in  the  Crimea  is  well  kuowu. 

*A  ataff  Officer's  Scrap  Book,  Vol.  I.,  by  Sib  Ian  Hamilton. 
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PHYSICAL  TRAINING  AND  DEVELOPMENT 
OF  THE  SOLDIER. 

A.— Receuiting  and  Physical  Teaining. 

Examination  of  Recruits. — Efficient  recruitment  being  the  prime 
necessity  in  the  organisation  of  a  military  force,  the  intelligence  and 
faithfulness  with  which  this  duty  is  performed  constitute  important 
elements  upon  whicii  the  future  liealth,  efficiency,  and  mobility  of 
an  Army  depend. 

Instructions  for  the  examination  of  recruits  and  non-combatants 
are  laid  down  in  I.  A.  F.,  K.  1 160,  and  should  be  carefully  studied  by 
all  junior  medical  officers.  The  medical  examination  of  reservists  ig 
considerably  slacker  than  that  for  initial  enlistment,  being  limited  to 
finding  out  whether  they  are  fit  for  further  duty  according  to  their 
age,  class  and  length  of  service;  they  are  not  to  be  rejected  on 
account  of  the  smaller  disabilities. 

All  parts  of  tlie  examination  of  candidates  for  the  Army  as  laid 
down  in  ti  e  Regulations  must  be  rigidly  adhered  to.  This  examina- 
tion when  carried  out  to  tlie  letter  is  a  very  severe  one.  Our  rejections 
for  the  Indian  Army  is  high,  but  if  the  standard  required  is  to  be 
maintained,  there  should  be  no  relaxation. 

The  periods  for  which  men  enlist  vary  with  the  different  branches' 
of  the  service  and  are  laid  down  in  the  regulations.  Recruits  of 
European  troops  are  taken  between  18  and  25  years,  except  in  some 
sections  of  the  technical  corps  in  which  the  age  is  extended  to  .30  or35 
years.  Boys  are  enlisted  as  drutniners  and  for  bands.  Recruits  for  the 
Native  Army  are  to  be  between  16  and  2.5  years  of  age,  except  discharged 
men  seeking  re-enlistment  and  men  for  technical  branches.  The  height 
of  cavalry  recruits  is  left  to  the  commanding  officers.  The  minimimi 
height  for  Gurkhas  is  5  feet,  for  other  infantry  regiments  5  feet  4  inches. 
Special  standards  of  heiglit  and  chest  mea  urernents  are  not  allowed. 

From  a  phy.eiological  standpoint  the  recruit  should  not  be  enlisted 
until  21  years  of  age;  the  age  of  18  is  too  young — the  bones  are 
not  properly  developed  until  25  years  of  age,  the  heart  is  still  growing 
rapidly  and  any  serious  strain  may  affect  it.    Therefore  mcst  of  our 
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recruit  lads  are  undeveloped.  Tiie  degree  of  development,  however, 
varies^  from  a  state  of  high  phj'sique  (which  is  exceptional)  to  one  of 
very  incomplete  development  (which  is  common).  The  youngest 
soldiers  are  those  who  break  down  most  readily  botli  in  peace  and  war. 

The  medical  officer  satisfies  himself  that  the  vision  is  up  to  the 
prescribed  standard  as  tested  by  the  test-dots  card,  that  the  height  and 
chest  measurement  are  also  up  to  standard  (A.  R  I.,  Vols.  II,  V,  VI) ; 
that  his  speech  and  hearing  are  normal,  that  he  is  healthy,  strong,  active, 
sufficiently  intelligent,  possesses  free  movement  in  all  the  joints,  his 
physical  development  is  good,  is  free  from  disease  of  the  nervous,  circu- 
latory, respiratory,  digestive,  cutaneous,  lymphatic,  generative  and 
secretary  systems.  Special  care  is  to  be  given  to  tracing  the  presence 
of  contagious  or  infectious  diseases,  rupture,  dysentery,  severe  malarial 
disease  and  I<ala-azar;  there  should  be  no  evidence  of  previous  attacks 
of  convulsions,  old  injuries  of  the  head,  or  of  a  personal  or  family 
medical  history  which  would  be  likely  to  render  him  unfit ;  and  that  his 
age  as  recorded  is  borne  out  by  his  appearance  and  development. 

In  all  examinations  the  recruit  should  be  stripped  as  far  as  pri- 
vacy and  decency  allow.  In  the  case  of  recruits  examined  at  head- 
quarters of  a  unit,  the  medical  officer  is  responsible  for  the  correct 
entry  of  the  age,  height,  and  chest  measurement ;  at  recruiting  depots 
the  recruiting  staff  officer  is  responsible  for  these. 

When  taking  the  chest  measurement  the  measuring  tape  should 
be  applied  evenly  but  not  tightly,  its  upper  edge  touching  the  lower 
border  of  the  shoulder  blades  behind,  audits  lower  edge  passing  just 
above  the  nipples,  the  arms  hanging  at  the  sides.  The  minimum 
chest  measurement  is  recorded  after  the  recruit  has  counted  from  1  to 
10  slowly  without  drawing  a  breath,  and  the  maximum  after  the  chest 
has  been  fully  expanded;  supposing  the  former  measurement  is  32" 
and  the  latter  34",  this  is  recorded  as  f  f ". 

The  chest  measurements  of  artillery  recruits  of  5  feet  6  inches  and 
upwards  should  be--16  to  17  years  of  age,  32"  ;  17  to  19,  ^2^";  19  to 
22,  33"  ;  22  to  24,  33^"  ;  24  to  25,  34".  The  minimum  chest  measure- 
naeut  for  Gurkhas  of  5  feet  is  ?2  inches  ;  otherwise  for  this  class  no 
measurement  is  laid  down. 

The  girth  of  a  well-made  man's  chest  should  be  more  than  one 
inch  over  half  his  height.  Width  of  shoulder  is  another  important 
factor— it  should  not  be  less  than  two-ninths  the  height.  No  recruit 
should  be  enlisted  wlio  fails  to  fulfil  the  conditions  of  chest  measure- 
ment and  chest  expansion  laid  down  in  the  Regulations. 

'The  vital  resistance  of  an  individual  is  closely  related  to  the 
symmetrical  development  of  all  parts  of  the  body.  "  It  is  important 
that  tliere  should  be  a  proper  relation  between  the  height,  weight  and 
chest  measurement  in  forming  an  opinion  as  to  the  physique,  and  of 
tbpse  relations  good  weight  for  height  is  the  first  requirement.  "  Au 
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easy  rule  (for  European  troops)  is  that  up  to  5'  7"  twice  the  height  in 
inches  ougl.t  to  be  about  the  weight  in  pounds,  adding  7  pounds  for 
every  inch  above  67  inches." 

It  is  o-enerally  accepted  that,  as  a  rule,  tall  men  do  not  stand  the 
hardships  oT  a  long  campaign  so  well  as  men  of  medium  stature,  and 
unless  in  tall  men  there  is  a  symmetrical  general  development,  they 
should  not  be  accepted  on  account  of  height  alone. 

The  question  of  the  absolute  weight  of  Native  recruits  should  not 
be  puslied  too  far,  as  many  lads  of  big  bone,  who  have  been  on  a  low 
diet  in  their  village  homes,  rapidly  fill  out  and  develop.  A  thin  lad 
may  appear  undesirable,  but  if  be  is  sound  in  wind  and  limb  and  has 
the  required  chest  measurement,  one  would  be  inclined  always  to  give 
him  the  benefit  of  the  doubt.  The  question  of  rejection  or  acceptance 
on  the  score  of  weight  should  be  left  to  the  judgment  of  the  recruiting 
medical  officer. 

The  capacity  of  the  chest  is  important  in  estimating  the  fitness  of 
a  recruit.  The  heart  and  lungs,  which  represent  the  staying  power  of  a 
soldier,  are  of  great  significance.  Mobility  of  the  chest  is  in  this  respect 
an  important  point  to  record,  especially  with  reference  to  the  height 
and  weight.  Free  mobility  is  usually  associated  with  the  other  main 
quality  in  the  lungs — good  capacity. 

The  expansion  range  (the  difference  in  the  girth  between  a  fully 
expanded  and  an  empty  chest)  for  European  troops  is  two  inches. 

Those  who  have  previously  followed  sedentary  trades  and  occu- 
pations gain  weight  rapidly,  those  who  have  led  an  easy  life  with  full 
feeding  lose  it.  Weedy  lads  brought  up  in  poverty,  aud  those  who 
have  lived  under  conditions  of  malhygiene,  rapidly  thrive  on  the 
soldier's  fare  and  life. 

If  we  except  tuberculosis,  hereditary  diseases  or  defects  of  body 
are  practically  not  met  with  in  the  Array,  as  the  careful  examination 
to  which  candidates  for  enlistment  are  put  eliminates  this  class  of 
diseases.  It  is  not  possible  to  detect  that  special  weakness  of 
tissue  present  in  some  youths  whose  parents  have  suffered  from  tuber- 
culosis. It  is  frequently  not  until  some  years  with  the  colours  have 
elapsed  that  this  weakness  shows  itself  and  the  disease  develops — as  a 
matter  of  fact  it  frequently  does  not  show  itself  at  all  while  the  man 
is  in  the  service,  or  the  man  completely  overcomes  the  susceptibility  to 
the  disease. 

The 

acuteness  of  vision  required  is  only  a  quarter  of  what  is  normal 
•vision  in  each  eye  and  one-sixth  in  one  eye  provided  the  vision  of  the 
other  is  fully  up  to  normal.  The  vision  test  with  the  regulation  test- 
dots  as  practised  for  the  Mative  Army  is  far  from  being  a  perfect  way  of 
measuring  the  eyesight.  It  is  by  no  means  uncommon  to  be  obliged 
to  invalid  men  for  errors  of  refraction  subsequent  to  enlistment,  which 
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could  not  have  been  discovered  by  means  of  the  test-dots  alone.  Wo 
require  to  be  provided  with  more  accurate  means  of  testing  the  refrac- 
tion or  acuteuess  of  vision  of  recruits  than  those  now  in  use. 

Recruiting  in  most  of  the  Armies  of  Europe  is  less  rigid  than  in 
our  own,  and  medical  officers  are  given  much  greater  freedom  for  the 
exercise  of  personal  judgment  as  to  the  fitness  of  candidates,  and  stand- 
ards of  height,  weight,  chest  measurement,  etc.,  are  not  rigidly  adhered 
to,  these  being  used  as  guides  only 

Exercise. — Before  considering  that  part  of  the  physical  develop- 
ment ot  the  soldier  that  concerns  us  here,  it  may  be  advisable  to  ma^e 
a  few  remarks  regarding  the  uses  and  effects  of  physical  exercise  in 
general. 

We  move  our  limbs  with  the  fleshy  parts  of  our  body,  which  are 
called  muscles',  those  which  are  under  our  control  are  cjilled  volantary 
muscles.  There  are  about  500  such  muscles  in  the  body,  each  having 
its  special  use,  and  all  working  in  harmony. 

Action  and  structure  of  muscles.  — Muscles  have  thepower  of  con- 
tracting or  decreasing,  and  relaxing  or  increasing,  in  length.  The 
mus3les  are  nearly  all  arranged  in  pairs,  each  muscle  having  its  op- 
ponent, so  that  when  they  relax  and  contract  alternately,  the  hones  to 
which  they  are  attached  are  moved.  If  we  bend  up  the  arm  and  close 
the  fist  firmly,  we  feel  a  hard  lump  in  front  of  the  middle  of  the 
upper  arm.  This  lump  is  the  biceps  muscle  which  has  undergone 
contraction.  If  at  the  same  time,  we  feel  the  muscles  at  the  back  of 
the  arm,  we  well  find  it  relaxed  and  soft.  There  are  other  muscles  over 
which  we  have  no  control,  such  as  tliat  of  the  heart,  and  those  found  in 
the  walls  of  the  intestines  and  elsewhere  ;  these  are  called  involuntary 
muscles;  these  have  a  different  structure  and  innervation  with  which 
we  need  not  deal  here. 

The  voluntary  muscles  are  composed  of  very  fine  red  fibres,  and 
these  fibres  are  made  up  of  very  minute  cells,  which  cells,  at  their 
lines  of  union,  give  the  muscle  a  striped  appearance.  Hence  voluntary 
muscles  are  called  striped  or  striated  muscles.  The  cells  are  filled  with 
a  living,  semi-fluid  (protoplasmic)  substance.     The  fibres  themselves 


d 


c 


Fig.  I.— Three  muscle  fabres  (a),  with  their  componeut  flbrillse  (d)  teased  out ;  their 

nuclei  'b),  and  covering  (ci. 

ire  bound  together  in  bundles,  and  the  ends  of  these  bundles  are  usu- 
lUy  hard    Muscles  by  regular  use  get  strong.    Want  of  proper  use,  or 
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their  improper  use,  causes  them  to  decrease  in  size.  Every  part  of 
our  body  must  be  properly  exercised  if  we  wish  to  keep  healthy. 
Some  people  take  too  much  exercise  in  one  direction,  using  one  set 
of  organs  or  tissues  too  much,  while  they  neglect  the  use  of  the  rest. 

If  a  muscle  be  constantly  exercised  its  efficiency  is  increased  according  to  the 
call  made  upon  it.  The  absolute  force  of  a  muscle,  i.e.,  the  weight  it  is  .lust  able 
to  lift  depHiids  upon  its  cross  section  or  the  number  ot  fibres  which  act  together 
in  rai^iui  the  weight.  If,  therefore,  the  strai/i  on  a  muscle  is  constantly 
increased"  the  muscle  tpnds  to  grow  and  increase  its  cross  section.  Thus,  \t 
it  is  desired  to  increase  the  size  of  muscles,  we  must  ensure  that  they  are 
constantly  exercised  against  a  force  which  is  greater  than  that  which  they 
hiive  normally  to  overcome.  On  the  other  hand,  ordinary  exercise  does  not 
necessarily  increase  the  size  of  muscles,  for  it  is  well  known  that  many  men  who 
are  able  to  keep  up  prolonged  exercise  have  only  small  muscles  — for  example.  Natives 
ot  India.  We  may  conclude,  then,  that  exercise  improves  the  efficiency  of  a  muscle 
and  its  power  of  resisting  fatigue,  whilst  increased  strain  causes  increased  size  of 
the  muscles.  Therefore  the  arm  und  leg  movements  of  the  Swedish  system  cannot, 
under  the  circumstances,  produce  developmental  effect  in  the  ordinary  acceptation 
of  the  term,  and  further  the  system  as  applied  to  recruits,  while  it  does  aim 
at  the  development  of  the  trunk  muscles  and  harmonious  action  of  the  muscles 
generally,  does  not  aim  at  the  development  of  all  the  muscles  of  the  body. 

Effects  of  exercise.— Let  us  briefly  enquire  as  to  how  exercise 
aflFects  us.  In  sitting  we  breathe  much  slower  than  when  running. 
"VN'hen  we  breathe  fast  we  take  more  air  into  the  lungs,  and,  the  more 
pure  air  taken  into  the  lungs,  the  better  is  the  blood  purified.  The 
heart  also  during  exercise  works  faster,  and  drives  this  purified  blood 
all  over  tlie  body  more  rapidly  than  when  we  are  breathing  tranquilly; 
the  waste  matters  in  the  tissues  are  removed  more  rapidly,  because  the 
blood  washes  them  out  of  the  body  more  speedily.  The  body  is  there- 
fore better  nourished  by  exercise.  All  these  effects  create  a  good 
appetite  and  increased  power  to  digest  food.  After  the  brain  has  been 
working  for  several  hours  it  contains  a  lot  of  waste  matters  and  requires 
rest.  These  waste  matters  interfere  with  the  proper  action  of  the 
brain,  that  is,  the  mental  processes.  Exercise  is  the  best  means  of 
getting  rid  of  the.se  waste  matters,  for  by  it  we  send  a  fresh  supply  of 
pure  blood  to  the  brain  which,  in  going  back  to  the  heart,  carries 
away  the  waste  matters — the  blood  washes  them  out  as  it  were. 

During  active  exercise  great  strain  is  thrown  on  the  heart,  blood 
vessels,  and  lungs,  the  activity  of  the  circulatory  and  respiratory 
systems  being  largely  increased.  By  accelerating  the  circulation  and 
respiration  the  disintegration  of  worn  out  tissues  and  removal  of  eflf'ete 
waste  products  is  expedited,  and  the  formation  of  new  tissue  is 
facilitated— exercise  hastens  both  waste  and  repair. 

All  the  voluntary  muscles  are  richly  supplied  with  blood  vessels 
(which  carry  blood  for  their  nutrition,  repair  and  storage  of  reserve 
material)  and  with  means  by  which  they  are  brought  under  the  control 
of  the  will.  They  are  tne  mechanical  power,  the  physical  vigour  of  the 
body.  The  best  exercises  are  those  which  bring  most  of  the  muscles 
into  play. 
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_  By  the  activity  of  the  muscles  an  impulse  is  given  to  the  blood 
going  througli  their  arteries  and  veins,  and  it  is  thus  forced  with 
mci-eased  momentum  into  the  capillaries  Exercise  aids  digestion,  keeps 
up  the  functions  of  the  liver  and  intestines,  prevents  constipation 
and  helps  to  use  up  any  excess  of  proteid  material  in  the  circulation' 
in  the  absence  of  exercise  the  tissues  of  the  body  are  liable  to  become 
sott,  Haby  and  fatty,  the  muscles  waste,  and  if  subjected  to  any  sudden 
strain  or  activity,  they  or  their  tendons  and  the  structures  in  and 
around  joints,  are  liable  to  tear  or  give  way  ;  the  heart  being  a  muscle 
may  similarly  give  way  or  be  greatly  disturbed  by  any  sudden  or 
prolonged  efifort.  A  man  may  by  a  rigidly  abstem'ious  diet  lead  a 
physically  inactive  life  with  exemption  from  disease,  and  may  even 
live  to  old  age,  but  he  can  never  possess  all  the  alacrity  of  body  and 
exaltation  of  animal  spirits  of  which  his  nature  is  capable,  and  which 
make  life  itself  an  enjoyment.  His  circulation  must  be  languid,  the 
waste  of  material  small,  and  the  demand  for  new  supplies  of  material 
limited  ;  tliere  is  low  vitality  and  a  weak  digestion. 

Training-. — Training  is  necessary  in  all  cases  where  any  severe 
or  long  continued  physical  effort  is  to  be  made,  in  order  that  all 
parts  of  the  body  is  rendered  equal  to  the  task. 

Graduated  exercises  have  been  found  of  great  use  in  trainincr 
recruits  for  military  service,  but  in  all  cases  they  require  to  be  properly 
carried  out  under  proper  supervision.  Excessive  or  violent  exercise, 
especially  if  carried  out  with  insufficient  food,  or  without  previous 
gradual  training,  may  give  rise  to  serious  damage  to  the  heart,  lun<^s 
and  body  generally.  ° 

One  of  the  first  steps  in  physical  culture  is  to  recognise  the 
necessity  of  beginning  and  carrying  out  a  series  of  systematic  exercises, 
and  to  take  a  real  personal  interest  in  the  development  of  the  body. 
Exercise  should  be  adopted  to  meet  the  requirements  of  the  individual. 
The  object  of  real  physical  education  is  to  establish  health  and 
a  good  constitution,  and  fit  the  individual  for  the  duties  and  work  of 
daily  life. 

Essentials  to  be  aimed  at. — The  essential  objects  to  be  achieved 
in  the  preparation  of  the  soldier  for  war  are— to  progressively  increase 
his  reserve  of  physical  capital,  to  keep  adding  to  the  muscular  power 
of  his  heart,  the  vital  capacity  of  his  lungs,  the  strength,  activity  and 
co-ordinating  power  of  his  muscles,  and,  at  the  same  time,  to  quicken 
his  intelligence.  When  these  have  been  accomplished,  the  soldier  is 
thoroughly  trained  and  fit  in  every  sense.  Men  in  this  condition  of 
fitness  are  in  every  way  superior  to  those  less  trained  — they  do  not 
knock  under  after  a  forced  march,  they  can  go  on  a  smaller  allowance 
of  food,  bear  loss  of  clothes,  vicissitudes  of  temperature,  and  withstand 
exposure ;  minor  ailments  and  injuries  have  little  effect  on  their 
efficiency,  and  even  the  more  severe  wounds  when  not  in  vital  partn, 
heal  more  rapidly  and  enable  them  to  return  efficient  soldiers  to  the 
fighting  line  once  more. 
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Early  physical  exercises  in  the  Army.-It  was  not  till  about  1840  that 

the  Amies  of  Europe  betjau  paying  any  serious  attention  to  the  physical  develop- 
S^^enr^the  r  ?ih\llg^nen.  This  commenced  with  such  athletic  exercises  as 
gymnastics,  bayonet  exercise,  and  swimming.  The  time  is  probably  not  remote 
when  gymnastic  exercises,  swimming,  and  athletics  generally-al  useiul  in  any 
walk  ot  Ufe— will  form  part  of  our  national  educational  system  as  they  are  now  in 
Norway,  Sweden,  France,  Germany,  and  several  other  Continental  coiintries.  These 
will  not  only  tend  to  improve  the  physique  of  the  nation  and  of  the  individual, 
every  youth  at  school  going  through  a  complete  system  but  wi  1  considerably 
shorten  the  period  required  for  training  the  soldier  when  he  joins  the  Army.  One 
would  even  go  a  step  beyond  this  and  welcome  the  day  when  not  only  physical, 
but  military  training  also,  will  be  made  compulsory  in  all  schools  in  the  United 
Kingdom. 

Eecruits'  course  of  gymnastics  and  drill.— To  efifect  the 
development  of  the  present  day  recruit,  he  is  put  through  a  .six- 
month's  course  of  gymnastics,  physical  and  other  drills.  This  early  period 
of  a  recruit's  development  is  all-important,  and  in  all  regiments  should 
be  under  the  careful  supervision  of  the  adjutant  and  medical  officer. 
When  the  medical  officer  sees  any  undue  disproportion  in  the  exercises, 
or  injurious  influences  from  them  in  particular  men,  he  should  either 
temporarily  stop  or  modify  them,  in  accordance  with  special  require- 
ments. He  should  keep  his  eye  constantly  on  recruits  and  young 
soldiers,  and  advise  the  adjutant  where  there  are  indications  of  working 
them  under  too  high  pressure,  or  "  forcing  "  their  physical  develop- 
ment 

Evil  effects  of  misdirected  training. —  I'he  medical  officer  should 
specially  watch  the  influence  of  the  training  on  the  circulatory  and 
respiratory  systems,  noting  any  palpitation  or  breathlessness  and  any 
cases  of  rapid  wasting.  One  has  seen  inany  regiments  in  which  there 
has  been  an  inordinate  number  of  "  heart "  cases  amongst  recruits. 
Special  exercises  for  recruits  are  frequently  being  introduced,  or  old 
ones  modified.  One  now  much  in  vogue  is  that  of  increasing  the 
diflference  between  the  maximum  and  minimum  movements  of  the 
chest  walls.  The  medical  officer  knows  that  this  is  not  a  reliable  test 
of  the  real  expansion  of  the  lungs.  A  common  error  made  by  recruits 
is  filling  the  upper  and  middle  parts  of  their  lungs  at  the  partial 
expense  of  the  lower.  The  collar  bones  and  shoulders  are  raised, 
as  is  also  the  upper  part  of  the  chest.  There  is  a  slight  move- 
ment upward  and  outward  of  the  chest,  while  the  lower  part  of 
the  lungs  remains  passive,  the  diaphragm  being  but  little  used. 
When  breathing  is  correctly  performed,  in  inspiration  there  is 
practically  no  movement  of  tiie  collar  bones  and  shoulders,  but 
merely  an  upward  and  forward  movement  of  the  sternum  or  breast- 
plate, more  specially  its  lower  part,  combined  with  elevation  of 
the  ribs  and  relaxation  of  the  abdominal  muscles,  the  reverse 
occurring  in  expiration.  The  diaphragm  is  the  muscle  which  chiefly 
helps  in  expanding  the  lower  part  of  the  lungs,  and  the  diaphragm 
is  as  amenable  to  development  as  any  other  muscle.  Under  a 
proper  system  of  physical  training  of  recruits  the  capacity  of  the 
lungs  naturally  increases  without  any  special  exercises  such  as 
abdominal  breathing,  eto.     The  advantage  of  such  exercises  is  to 
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teach  the  recruit  to  breathe  in  such  a  way  that  he  brings  all  the 
ordinary  muscles  of  respiration  into  play  properly.  The  increase  of 
the  lung  capacity  depends,  of  course,  largely  on  the  mobility  of  the 
cliest  walls,  hence  within  reasonable  limits,  the  younger  the  recruit  the 
better  results  to  be  anticipated.  The  habit  of  breathing  properly 
tends  to  the  development  of  a  roomy  thorax,  which  is  usually  associated 
with  a  strong  heart — two  potent  factors  in  resisting  invasions  of 
disease.  The  extent  of  real  expansibility  of  the  chest  walls,  and  of 
real  expansion  of  lungs,  is  one  of  our  great  tests  of  capacity  for  sudden 
and  sustained  effort. 

The  practice  of  deep  breathing  exercises  during  gymnastic  exercises 
is  unnecessary,  and  probably  of  very  little  if  any  use.  Men  should 
from  the  beginning  of  their  career  as  soldiers  be  taught  to  breatlie 
through  the  nose.  Mouth  breathing  keeps  the  mouth  dry,  and  like 
tobacco-chewing,  encourages  thirst. 

Expansion  of  the  chest  aud  expausion  of  the  luugs  are  not  synonymous  terms. 
The  expanding  lungs  not  only  open  out  the  air  spaces,  but  also  the  blood  spaces, 
which  by  drawing  blood  iu,  relieve  the  right  heart.  These  spaces  are  not  opened 
out  unless  the  luugs  are  expanded  in  their  more  important  diameter,  the  vertical, 
by  means  of  the  diaphragm  ;  and  unless  they  are  opened  out  the  respiratory 
movement  does  not  assist  the  heart,  which  has  to  pump  against  increased  resist- 
ance When  a  man  keeps  his  chest  expanded  with  sinking  in  of  the  "  pit  of  the 
stomach"  and  abdominal  wall  generally,  the  lungs  are  increased  in  the  transverse 
diameter,  and  not  at  all,  or  very  little,  iu  the  vertical  diameter,  and  the  venous  spaces 
and  capillaries  are  indifferenlly  or  not  at  all  expanded;  only  the  superficial  parts 
of  the  lungs  are  expanded,  the  deep  parts  are  unaffected,  further,  it  a  man 
maintains  a  rigid  posture,  the  burden  on  the  heart  is  still  greater,  because  the 
burden  of  the  circulation  is  greater  in  a  group  of  muscles  in  a  state  oi  rigid 
contraction  than  when  contracting  and  relaxing.* 

Medical  officers  should  know  that  adjutants  ot  regiments  always 
appreciate  thoughtful  advice  given  them  regarding  the  training  of 
their  recruits.  The  gymnastic  and  drill  instructors  must  be  patient 
with  developing  lads— neither  the  heart  nor  the  lungs  must  be  forced - 
error  in  this  direction  is  constantly  spoihng  promising  recruits ;  and 
lastly,  the  exercises  should  be  so  varied  as  to  give  a  due  proportion  ot 
work  to  all  the  muscles  that  are  being  trained. 

in  minutes'  exercise.    Sho.dd  the  heart  and  respiration  not  regam  their  normal 
conditl^n'fteTlO  minutes,  such  cases  should  be 
sary,  the  exercises  ^-^l'^^],-^^'^^^^^ 

In  a  very  small  proportion  (from  1  to  ^  T'"^^*^^'.,  J'^^^^  temuorarv  disturbance 
may  be  met  with  ni  the  I'^art-- 'ypertro  ,hy   dilatat^o^  a  mere  loss 

of  its  nervous  apparatus   etc. ;  but  naost 

of  muscular  tone.    We  find  great  variation  in  ^jl^J^  '^  f"^  ^    hecole  acquainted 
recruits  who  are  perfectly  fit,  and  by  i;epea  ed  examination  ^^e  Decom  m 
with  the  peculiarities  iu  this  respect  of  each  recruit. 

»  Lieut.-Colonel  E.  H  Deane,  K.A.M.C  Jourml  of  the  lioyal  Amy  Medical 
Corps,  October  1S08. 
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Heart  aflFections  are  exceedingly  common  among  young  soldiers. 
Its  chief  cause  is  a  defective  system  of  physical  training,  and  uuphy- 
siolot^ical  methods  of  conducting  exercise  drills.  Comparing  our  Euro- 
pean°t roops  with  those  of  other  European  Armies  the  number  of  heart 
affections  are  -British  Array  7-3  per  1,000  ;  United  States  3-8  ;  German 
3  5  ;  French  2-6  ;  Russian  2-4  ;  Austro-Hungarian  1-9.  About  one-third 
of  our  men  so  suflfering  are  permanently  invalided.  There  is  every 
reason  to  believe  that  the  excessive  incidence  in  these  cases  is  to  a  large 
extent  preventable  by  a  more  rational  system  of  training,  and  by  the 
inculcation  into  the  soldier  himself  of  the  simple  fact  that  it  is  im- 
possible to  train  if  he  smokes  and  drinks. 

All  passed  recruits  of  our  European  and  Indian  troops  are  sound 
in  all  respects.  Their  hearts  are  carefully  examined  before  enlistment, 
and  no  candidate  with  even  a  doubtful  condition  of  the  heart  is  accepted. 

There  can  be  no  doubt  that  the  physical  training  of  former  years 
was  carried  out  too  suddenly  and  was  too -severe,  e.g.,  the  use  of  heavy 
dumb-bells,  pulling  up  the  body  with  reversed  hands  on  the  horizontal 
bar,  etc.,  threw  immense  strain  on  the  heart. 

The  comparatively  large  number  of  men  annually  invalided  for 
some  form  of  heart  trouble  led  to  careful  inquiries  regarding  the 
effects  of  the  physical  training  of  the  soldier.  It  may  be  safely  asserted 
that  heart  strain  and  its  consequences  is  the  one  and  only  condition 
of  ill-health  that  can  be  in  any  way  attributed  to  service  in  the  Army. 
During  the  last  ten  years  over  2,000  men  have  been  invalided  from 
our  European  troops  for  affections  of  the  heart,  or  about  200  annually. 

As  stated  above  the  number  of  soldiers  invalided  for  heart  disease 
has  hitherto  been  far  in  excess  of  those  of  other  European  Armies.  The 
average  British  recruit  on  enlistment  is  youngei-,  less  developed,  and  of 
a  poorer  condition  of  physique  than  in  other  European  Armies. 

The  effects  of  the  new  system  of  physical  training  which  was  com- 
menced in  1906  has  already  produced  a  beneficial  change  in  our  European 
troops,  the  number  of  men  invalided  for  heart  affections  has  been  much 
reduced.  Tliis  system  has  not  been  in  operation  amongst  our  European 
troops  long  enough  to  test  its  merits  beyond  stating  that  the  results 
show  an  improvement  on  the  old.  It  has  so  far  not  been  officially 
introduced  into  the  Native  Army  but  most  regiments  use  many  of  the 
exercises  in  training  recruits. 

The  recruit  is  trained  with  a  view  to  his  being  rendered  capable  of 
standing  the  strain  and  hardships  of  field  service.  The  training  of  the 
fully  developed  soldier  is  maintained  for  the  same  purpose.  Tliis 
requires  the  soldier  to  be  able  to  march  long  distances  with  bis  full 
equipment ;  he  has  to  possess  good  power  of  endurance,  be  in  good 
health,  and  be  able  to  stand  vicissitudes  of  climate,  exposure,  changes 
of  food,  and  sometime.s  a  scarcity  of  diet  and  unhealthy  surroundings. 
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"  To  secure  this  end  it  is  of  the  first  importance  that  all  physical 
exercises  of  the  recruit  and  trained  soldier  be  carried  out  with  due  regard 
to  elementary  physiological  facts  and  principles.  It  is  not  sufficient  to 
develop  and  train  certain  external  or  groups  of  surface  muscles  alone 
and  to  neglect  the  heart,  lungs  and  other  internal  organs,  for  it  is  on 
these  internal  parts,  notably  the  heart  and  lungs,  that  the  body  as  a 
whole  depends,  not  only  for  its  fitness,  but  for  its  very  existence. 
Failure  in  the  past  to  recognise  this  fundamental  idea  has  been  the 
cause  of  much  undoubted  harm  to  the  young  soldier."* 

A  properly  graduated  system  of  physical  training,  if  adopted  early 
and  continued  for  a  sufficient  length  of  time,  will  achieve  tfie  harmo- 
nious development  of  the  whole  body.  The  system  laid  down  in  the 
ManuaL  of  Physical  Training,  1908,  or  what  is  known  as  the 
D<inish  driU  modification  of  the  Swedish  course  of  physical  culture,  is 
said  to  accomplish  this.  As  applied  to  the  requirements  of  the 
European  recruit  of  our  Army,  only  certain  principles  of  the  Swedish 
.■system  ar^  inc'uded,  and  it  is  limited,  under  ordinary  circumstances, 
to  a  six  months'  course. 

The  Danish  drill  system  of  trainingdiffers  in  a  very  important  respect 
from  the  one  that  was  recently  in  operation  in  the  Home  Army,  arid  in  fact 
from  all  systems,  in  that  it  aims  at  progressive  and  harmonious  develop- 
ment of  the  trunk  muscles  ;  the  development  of  the  muscles  proper  of 
the  limbs  in  the  strict  sense  of  the  term  is  practically  disregarded,  while 
the  aim  of  the  English  system  has  hitherto  been  exactly  the  reverse. 

The  system  of  training  is  based  on  anatomical  and  physiological 
data,  and,  when  it  is  practised,  medical  officers  of  units  should  guide 
such'training  when  they  find  that  this  is  necessary.  All  medical  officers 
of  the  Koyal  Army  Medical  Corps  now  go  through  a  course  of  this 
training  and  are  thoroughly  conversant  with  it. 

The  subiect  of  physical  training  has  for  years  been  looked  upon  as 
purely  a  matter  of  development  of  the  muscles  and  training  for  drill 
work  and  considered  to  be  that  it  was  outside  the  province  of  medical 
officers  Powerful  muscles  alone  are  insufficient ;  the  state  of  the  heart 
and  lungs  and  other  internal  organs  is  not  to  be  neglected,  and  requires 
the  medical  officer's  attention. 

In  training  the  recruit  it  is  wrong  in  principle  to  develop  a  few 
groups  of  muscfis  in  a  short  space  of  time  What  is  required  is  a 
uniform  development  of  all  the  muscles  of  the  body. 

"  In  the  special  training  of  the  soldier  in  order  to  fit  him  for  his 
life  as  such,  apart  from  the  technical  training  of  the  branch  of  the 
ervh^e  to  which  he  belongs,  the  following  requirements  should  be  kept 
ir7ew-m...  a  soldier  should  be  well  disciplined,  a  good  marcher, 
Sntllligent,  s^art,  active  and  guick^  able  to  surmount  obstacles  in  the 

■  "      "      "  »  Fibth's  Military  Hygiene,  p.  92. 
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field  and  capable  of  withstanding  all  the  strains  and  hardships  of  active 
service.  The  required  condition  of  physical  fitness  necessitates  that 
the  heart  and  lungs  should  above  all  things  be  sound  and  healthy ;  but 
the  harmonious  development  of  the  whole— the  skeleton  or  framework, 
the  internal  organs  (including  the  brain  and  nerves)  and  the  muscular 
system — is  necessary  to  produce  this  condition." 

In  a  system  of  physical  training,  tlie  exercises  used  should  ensure 
the  harmonious  development  of  the  entire  body,  and  in  doing  so  they 
will  correct  any  faults  of  previous  one-sided  development  from  whatever 
cau8d. 

From  these  preliminary  considerations  we  see,  then,  that  the 
recruit  requires  some  form  of  physical  training  before  joining  the 
ranks,  the  vast  majority  require  special  training,  and  from  the  early 
age  at  which  they  join  the  service  it  is  reasonable  to  hope  that  all  but 
a  small  fraction  (less  than  1  per  cent.)  will  go  through  this,  and  achieve 
the  object  aimed  at;  the  method  of  training  is  definitely  related 
to  the  requirements  of  the  recruit. 

I  The  following  is  the  general  outline  of  the  principles  on  which  the  present 
system  of  instruction  is  based  : — 

{i)  The  exercises- — Every  exercise  employed  has  a  beneficial  effect  on  some 
part  of  the  body  and  furthers  at  least  one  of  the  objects  of  the 
training.  None  of  the  exercises  are  harmful,  and  it  is  the  sum  total  of 
all  the  exercises  employed  that  produces  the  required  results.  Thus 
there  are  exercises  for  every  part  of  the  body,  and,  in  addition,  exer- 
cises of  co-ordination  (balance,  marching,  running,  jumping,  etc.,)  to 
ensure  harmonious  working  of  the  whole. 

{ii)  The  daily  lesson — In  every  lesson  exercises  are  given  for  every  part 
of  the  body  as  well  as  exercises  of  co-ordination,  and  they  are  arranged 
in  a  certain  sequence  in  order  that  the  best  effects  may  be  obtained 
from  them. 

(m)  Progression.— The  lessons  are  arranged  according  to  the  capacity  of  the 
individual,  gradually  increasing  in  difficulty  from  week  to  week  and 
mouth  to  month,  so  as  to  ensure  steady  and  systematic  progress 
throughout  the  course  of  training.  ° 

The  exercises  are  arranged  in  groups— arm,  leg  and  neck  exercisis;  span  bending, 
hea\ing,  balance,  lateral,  abdominal  and  bacK  exercises  ;  marching  ;  running,  jump- 
ing and  vaulting,  and  corrective  exercises,  together  with  certain  exercises' added 
for  practical  application  in  the  field. 

Each  lesson  should  consist  of  a  series  of  exercises  easy  at  the 
commencement  and  gradually  increasing  in  strength  at  the  end,  so  that 
at  the  conclusion  of  the  lesson  the  circulation,  which  has  been  consider- 
ably accelerated  by  the  stronger  exercises,  is  sufficiently  restored  to  its 
more  normal  state  to  enable  the  pupil  to  proceed  to  his  other  work  with- 
out any  feeling  of  undue  agitation  or  fatigue.  In  the  course  of  a 
lesson,  short  periods  of  comparative  rest  are  arranged  for  by  takino-  a 
somewliat  easier  exercise  after  a  harder  one,  or  an  exercise  which  gTves 
totally  different  effects.  The  table  on  p.  10  of  the  Manual  of  Phy- 
sical Trainiiuj,  1908,  gives  an  excellent  illustration  of  this  arrange- 
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ment.  It  is  a  mistake  to  select  and  practise  a  few  exercises  until 
the  pupil  is  perfect  in  them. 

The  main  consideration  in  this  system  is  given  to  the  effects  of 
the  exercise  on  the  heart  and  lungs;  and  no  exercise  in  the  Manual 
cau'^es  any  injurious  effect  on  these  organs.  Some  of  the  exercises  would 
cause  strain  in  a  beginner,  but  not  if  the  same  man  has  been  some 
time  in  training.  There  is  to  be  a  steady  progression  by  means  of 
which  the  body  in  general  and  the  heart  and  lungs  in  particular  are 
gradually  strengthened  and  worked  up  to  a  state  of  fitness  to  discharge 
the  work  required  of  them. 

The  earlier  exercises  are  the  simplest,  easiest,  and  most  suit- 
able for  weak  or  untrained  recruits,  and  they  gradually  increase  in 
difficulty  and  strength  towards  the  end,  so  that  a  selection  can  be 
made  from  these  later  exercises  sufficiently  advanced  to  give  plenty 
of  work  and  full  benefit  from  that  work  to  the  strongest  men. 

All  exercises  are  performed  from  a  certain  position —  such  as  "  posi- 
tion of  attention  ,"  "  feet  open,"  etc.  These  positions  are  strictly  adhered 
to,  e.g.,  the  angle  and  degree  of  separation  of  the  feet  should  be  correct, 
the  weight  should  he  balanced  equally  on  both  sides,  and  balance  should 
be  maintained  by  the  engagement  of  the  spinal  muscles  when  in  any 
movement  the  point  where  the  centre  of  gravity  of  the  body  normally 
rests  is  disturbed. 

Standing  quite  erert  brings  into  play  the  action  of  many  muscles,  and  the 
muscular  efEort  is  increased  if  the  heels  are  kept  together,  for  the  base  of  support  is 
a  narrow  one,  and  the  balance  must  be  finely  adjusted.  The  position  is  really  an  un- 
natural one  for  those  whose  trniiU  muscles  are  not  developed,  but  it  can  be  achieved 
by  any  one  tvith  eflort,  and  be  maintained  for  a  reasonable  time  without  any 
fear  of  harmful  effects  following. 

Any  factor  introduced  while  the  erect  posture  is  maintained  which  disturbs 
the  eciuilibrium  of  the  body  (balance)  will  increase  the  muscuhir  effort  required  to 
mainuiin  that  uositiou  ;  fiucli  a  disturbing  factor  is  movement  of  the  hmbs.  braded 
exercises  are  therefore  iiitroduced  for  that  purpcse,  and  just  in  proportion  as  they 
disturb  equilibrium  so  is  the  muscular  effoi  t  to  maintain  the  eiect  posture  increased. 
In  this  way  gradual  progression  is  accomplished,  and  by  continuously  and  pro- 
gres.sively  engaging  the  trunk  muscles  throughout  the  whole  series  of  exercises 
development  of  these  muscles  is  attained,  if  this  is  accomplished  to  the  desired 
degree  the  defects  associated  with  insufficient  development  will  be  corrected,  and 
"a  natural  erect  carriage  will  be  maintained  tvitJwut  ejfort. 

Arm  and  leg  exercises.-"  Apart  from  the  equilibrium  disturbing  influm 
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Arm  and  leg  exercises  are  few  and  simple  and  the  same  movements  are  applied 
to  various  e"ercifes.  Their  chief  purpose  is  to  disturb  the  balance  ;  the  movements 
to  various  f-^^'  ,o„^;„r,  "  "  hppls  rnisina.  eg  raisins,"  and  those  of  the  arms, 
f;'^^';um';'o  J".  /'^^^^^^  difficulty  of  maintain- 

hf^^h  bUance  and  proportionately  produce  developmental  effect  lo  niaint^uning 
i  fcroct  posture  or  position  of  attention.  The  various  s.mple  movements  of  the 
mbs  in  tLse  exercises  have  but  little  effect  on  the  development  of  the  limb  mus- 
cles themselves.  Muscular  development  is  a  matter  of  secondary  importance.  It 
is  unnecessary  ro  remark  on  the  vario.is  other  e.vercises  as  the  several  principles 
enunciated  apply  to  all  of  them. 

Apart  from  the  above  special  training  the  recruit  receives  instruc- 
tion in  marching,  running  on  the  square,  digging,  etc,  all  of  which 
form  part  of  his  later  physical  education  after  he  joins  the  ranks. 

Adherence  to  the  foundation  of  the  system,  the  progressive  deve- 
lopment of  the  trunk  muscles,  enables  any  one  to  understand  the 
objects  in  view  and  easily  recognise  faults  in  the  execution  of  exercises. 
Stability  is  necessary  if  work  is  to  be  performed  efficiently  and  econo- 
mically ;  therefore  stability  must  be  systematically  developed.  By  the 
judicious  application  of  this  system  we  possess  the  means  of  correcting 
any  unequal  development  of  the  body  muscles. 

"  The  Swedish  system  of  training,  as  applied  to  the  recruit,  is  based  on 
scientific  and  sound  common-sense  principles,  but  it  requires  to  be  carried  out  by 
instructors  having  an  intimate  knowledge  of  its  application;  and  the  assistance  of 
medical  officers,  who  on  account  of  their  specialised  education,  are  best  fitted  to 
guide  them,  is  imperative,  if  full  advantage  is  to  accrue  to  the  recruit  and  to  the 
Army.  A  clear  and  comprehensive  statement  as  to  the  aim  and  method  of  accom- 
plishment of  the  present  system  should  occupy  a  prominent  place  in  the  Manual 
of  Physical  Traininy.  and  so  further  that  degree  of  co-operation  which  should 
exist  amongst  those  directly  and  indirectly  concerned  in  the  training,  if  the  best 
results  are  to  be  obtained." 


Every  means  practicable  should  be  adopted  to  prevent  accidents 
during  gymnastic  work.  We  have  always  several  cases  under  treatment 
for  (usually  minor)  injuries  sustained  in  the  gymnasium.  The  more 
gradual  the  exercises  the  fewer  will  these  be.  There  should  always 
be  an  instructor  ready  to  "  save"  lads  in  case  of  necessity,  especially 
in  vaulting.  In  saving  them  the  body  and  not  the  legs  should  be 
grasped. 

When  the  exercises  are  not  carried  out  on  the  bare  feet,  as  is  the 
case  in  regiments  in  the  Native  Army,  it  is  desirable  that  in  the 
gymnasium  each  man  have  his  own  pair  of  shoes  and,  if  practicable, 
these  should  have  rubber  soles,  which  prevent  the  jars  that  may  arise 
from  leather  soles. 


The  same  general  principles  apply  to  both  our  European  and 
Native  troops.  Most  of  our  European  troops  have,  of  course,  already 
gone  through  their  physical  training  at  home.  It  is  very  desirable  that 
the  Swedish  system  as  now  adopted  for  recruits  of  our  European 
troops  should  be  intrrduced  into  the  training  of  recruits  in  the  Native 
Army. 
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•'  The  danger  of  trying  to  hurry  physical  training  should  be  recog- 
nised by  all.  It  is  impossible  to  obtain  good  results  by  crajnmiug 
more  and  harder  work  into  the  same  or  less  time.  If  therefore  a  shorter 
time  than  usual  is  available  for  training,  the  work  must  not  be  hurried 
or  increased,  but  should  be  regulated  accordingly,  aud  no  attempt  must 
be  made  to  attain  the  same  standard  that  can  be  reached  in  the  longer 
period  of  time." 

The  strong  and  active  must  not  have  special  attention  at  the 
expense  of  the  weak  and  clumsy,  but  rather  the  other  way.  The  object 
is  to  train  every  man  to  a  reasonable  state  of  efficiency,  and  not  to 
train  a  few  only  who  are  naturally  athletic  to  a  very  high  standard. 
It  is  the  weak  and  awkward  men  who  require  most  attention. 

Sometimes  under  the  advice  of  the  medical  officer  weakly  men 
have  to  be  kept  back,  but  the  course  is  so  gradual  and  progressive  that 
this  is  only  exceptionally  necessary.  "  Instead  of  pushing  on  men  of 
exceptional  intelligence,  strength,  and  activity,  by  transferring  them 
to  more  advanced  squads,  such  men  should  be  made  use  of  by  the  instruc- 
tor to  assist  him  by  setting  exercises,  illustrating  the  work,  etc.,  and 
encouragiug  others  by  their  example. 

The  meu  should  work  in  shirt  sleeves  and  "  shorts,"  drill  trousers,  or 
dkoties,  and  wear  belts.  The  belts  should  not  be  tight,  they  are  merely 
to  support  the  "  shorts." 

Men  should  always  arrive  quite  clean  for  their  work,  and  they 
should  be  instructed  to  rub  themselves  down  after  any  work  which 
causes  free  perspiration,  under  which  circumstance  it  is  also  advisable 
to  chaage  the  clothes  if  this  is  practicable.  In  the  winter  great-coats 
may  be  needed  going  to  and  returning  from  the  gymnasium,  and  in  the 
rainy  weather  water-proofs.  As  much  of  the  training  as  possible  should 
be  conducted  in  the  opeu  air.  Physical  exercises  in  the  morning  should 
not  be  carried  out  before  the  men  have  had  some  food,  nor  within  an 
hour  of  a  meal. 

The  gymnasia  in  which  recruits  are  exercised  should  (if  not  an 
open  shed)  be  thoroughly  ventilated  ;  all  windows  and  doors  should 
be  opened  ;  too  many  recruits  should  not  be  exercised  at  once  ;  it  should 
be  thoroughly  clean,  free  from  dust  or  the  dust  should  be  allayed,  and 
all  spitting  about  the  floor  should  be  strictly  forbidden.  Men  when 
heated  should  not  be  kept  stauding  in  a  draught.  The  floor  should 
never  be  slippery. 

Necessity  for  thorough  training.— On  the  thoroughness  with 
which  the  individual  recruit  is  trained  and  instructed  depends  his 
future  usefulness  as  a  soldier. 

When  the  recruit's  course  is  finished  the  man  is  passed  into  the 
ranks  and  is  considered  to  be  a  trained  soldier,  and  he  has  yearly  to  go 
through  further  physical  exercises  to  keep  him  fit  for  his  duties. 


PHYSICAL  TRAINING  OF  THE  SOLDIER. 


55 


The  completion  of  the  soldier's  training  is  carried  out  after  he 
ioins  the  ranks,  and  with  the  view  to  enable  him  to  do  so  satisfactonly 
and  without  damage  to  himself,  there  is  a  further  course  laid  down 
in  the  Manned  of  Physical  Training,  1908.  It  should  be  remembered 
that  the  exercises  are  not  practised  for  the  sake  of  tl>e  exercises  them- 
selves, but  for  the  eflfects  they  are  intended  to  bring  about. 

Phyi^ical  excrdse  signities  the  exercises  given  to  the  soldier  under 
company  squadron  or  battery  officers  and  uon-commissioned  officers, 
after  the  iran  has  been  trained,  and  they  are  intended  to  fit  hira  tor  the 
soldier's  work.  "These  physical  exercises  should  be  given  to  the  men 
when  necessary  throughout  the  year,  and  especially  during  the  winter 
months,  and  whenever  the  manreuvre  or  other  work  of  the  soldier  is 
not  sufficient  to  keep  him  in  the  required  condition  of  fitness." 

A  set  of  tables  suitable  for  this  physical  exercise  is  given  at  the  end 
of  the  Mamud  of  Physical  Training,  1908.  They  are  arranged  pro- 
gressively on  the  same  general  principles  as  tlie  wliole  system  of  train- 
ing, and  due  care  should  be  taken  that  they  are  used  according  to  the 
condition  and  requirements  of  the  men,  e.g.,  when  men  are  comparatively 
"soft"  on  returning  from  furlough,  discharge  from  hospital,  etc.,  the 
table  of  easier  exercises  should  be  used. 

It  should  be  remembered  that  a  high  degree  of  "  smartness " 
is  not  absolutely  necessary  for  efficiency  whether  on  parade  or 
elsewhere.  This  means  rigid  and  immediate  obedience  to  words  of 
command  with  strained  attention  and  sudden  movements  which  tend 
to  react  on  tlie  heart.  Men  should  also  be  occasionally  practised  regi- 
mentally  in  running,  jumping  and  surmounting  obstacles  according 
to  the  instructions  contained  in  1.  A.  0.  No.  1(57  of  1909. 

'J'his  order  states  : — Non-commissioned  officers  and  men  trained 
under  the  system  laid  down  in  Training  Manuals,  Appendix  1905, 
will  continue  such  training  as  heretofore.    This  training  will  include — 

(a)  Progressive  runving  up  .to  1,000  yards;  at  first  in  shirt 
sleeves,  without  rifles  or  equipment,  afterwards  in  marching 
order. 

(h)  High  jzmpiwg.— Standard  to  be  attained  3'  6  "  without 
rifle,  3'  with  the  rifle. 

(e)  Long  jumping. — 'Standard  to  be  attained,  12  feet  without 
the  rifle  and  9  feet  with  the  rifle. 

(d)  One  hand  vaulting,  elbows  high. 

(e)  Ohstacle  course. 

2.  British  Troops. — Non-commissioned  officers  and  men  trained 
out  of  India  according  to  Manual  of  Physical  Training,  VJ 08,  will 
not  be  taught  the  exercises  in  "  Physical  Training,  with  or  without 
s-rms"  fis  laid  down  in  Training  Manuals,  Ap2?endix  1905,  but  will 
continue  the  new  sy.stem  if  there  is  a  qualified  non-commissioned 
officer  in  the  unit  available  to  superintend, 
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3.  Should  there  be  no  instructor  qualified  to  carry  out  the  instruc- 
tion for  men  referred  to  in  para.  2,  the  training  will  be  as  laid  down  in 
(a),  (/>),  (c),  ((i),  and  (e),  para.  1. 

Indian  Army. — The  training  laid  down  in  Training  Manuals, 
Ap2:)endi.r  1905,  will  be  continued  as  at  present  with  the  addition  of 
(a),  (b),  (c),  (cZ)  and  (e)  in  para.  1  of  this  order. 

The  writer  has  consulted  several  adjutants  on  the  relative  merits 
of  the  old  iind  the  new  system  of  training  and  they  mostly  were  in 
favour  of  the  old  system  as  bringing  on  recruits  more  rapidly  and 
fitting  them  for  duty  in  the  ranks  more  speedily  than  the  new  system, 
although  they  admitted  that  it  necessitated  tlie  ultimate  rejection  of 
a  larger  number  of  youths.  On  the  old  system  one  has  seen  many 
promising  lads  break  down  and  become  permanently  unfit  in  conse- 
quence of  the  severity  of  the  strain.  The  admission  rate  into  hospitals 
amongst  recruits  is  liigher  than  amongst  the  fully  developed  and  older 
soldier. 

A  definite  uniform  system  necessary.— Whilst  there  must  be 
some  definite  and  uniform  system  of  training  the  physique  of  our 
soldiers,  one  which  develops  to  the  best  possible  degree  the  vast  major- 
ity of  them,  we  should  not  forget  the  personal  equation  in  individual 
cases  of  men  who  cannot  stand  the  strain  of  severe  training,  and  who 
may  yet  make  thoroughly  efficient  soldiers,  ^^'e  see  this  frequently  in 
the  varying  sensitiveness  of  different  horses  in  training  to  race.  It  will 
be  boriie  in  mind  that  the  undeveloped  lad  cannot  do  the  same  work  as 
a  hardened  and  seusoned  soldier— they  do  not  yet  possess  the  same 
powers  of  endurance,  nor  anything  like  the  same  resistance  to  disease 
causes,  whilst  a  scanty  and  unsuitable  diet  lowers  them  much  more 
rapidly.  European  and  Native  soldiers  of  20  years  of  age  cannot  be 
compared  as  fighting  men,  with  men  in  the  ranks  of  25. 

Premature  fitness  a  mistake.— Men  should  never  be  passed  pre- 
maturely into  the  ranks  as  trained  soldiers  merely  to  increase  the 
strenoth  of  the  regiment.  Such  a  blunder  .serves  to  tax  those  who  are 
efficient.  *  The  time  of  the  year  at  which  the  annual  training  begins 
and  ends,  and  the  method  of  carrying  it  out,  will  diftVr  in  various  parts 
of  the  world,  being  mainly  determined  by  considerations  of  climate. 
Field  training  and  manoeuvres  are  most  instructive  as  a  training  for 
war,  when  war  conditions  and  the  energies  to  be  called  forth  are  the 
same  as  in  war  and  kept  in  view." 

During  manoeuvres,  of  course,  as  distinguished  from  actual  field 
service  climatic  conditions  must  decide  the  extent  to  which  troops  can 
be  bivouacked.  Tlie  less  troops  are  dependent  on  camps,  the  more 
instructive  will  be  the  exercises,  the  greater  their  mobility,  and  the 
smaller  the  expense. 

The  unseasoned  soldier  a  burden  in  the  field.— Tlie  ranks  of 
unseasoned  troops  are  apt  to  be  rapidly  depleted  when  called  upon  to 

*  Combined  Training,  1905,  p.  15. 
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march  under  the  conditions  of  active  service.  Infantry  fall  out  from 
sickness  and  sore  feet.  Advantage  must  therefore  be  taken  of  every 
opportunity  to  accustom  troops  to  marching  and  thus  bring  the  feet  and 
muscle  of  men  into  condition  permitting  of  severe  and  prolonged 
exertion. 

The  soldier  must  be  trained  to  be  hardy.— Men  must  also  be 
trained  to  be  hardy.  Without  this  quality,  without  the  capacity  to  stand 
heat  and  cold,  hunger  and  thirst,  and  fatigue,  a  soldier  may  be  '"ound 
wanting  at  the  critical  moment.  A  brave  iieart  and  firm  resolutions 
fail,  when  the  flesh  is  incapable.  We  cannot,  of  course,  expect  our 
town-bred  men  to  equal  in  this  quality  our  coast  fishermen,  who  have 
been  hardened  by  generations  of  exposure,  nor  like  the  trained  Alpine 
mountaineering  guide,  but  we  can  do  a  great  deal  in  this  direction. 
Russian  soldiers  are  taught  to  sleep  out  in  the  open  air  in  the  coldest 
weather,  they  do  their  route  marching  often  in  snow  storms.  One  is 
greatly  disposed  to  think  that  most  of  us  eat  too  much,  diink  too  much 
liquid,  dress  beyond  the  requirements  of  weather  (that  is,  we  clothe  too 
warmly),  and  sleep  on  too  soft  beds.  The  rigid  use  of  sterilised  water 
will  not  keep  a  soft  and  defectively  trained  man  from  falling  out  on  a 
hard  day's  march,  or  enable  him  to  endure  the  fatigues,  hardships, 
and  exposure  of  a  severe  campaign.  Hygiene  in  the  field  does  little 
to  help  the  man  who  is  weak  and  wanting  in  endurance.  We  know, 
of  course,  that  it  is  not  always  easy  to  harden  the  town-bred  man,  whose 
previous  mode  of  existence  has  been  opposed  to  that  of  a  life  of  endur- 
ance. Nevertheless  by  proper  training,  feeding,  etc.,  such  men  are 
often  amongst  our  most  excellent  soldiers. 

Out-door  games  and  sports  are  invaluable  auxiliaries  to  physical 
training ;  they  are  complementary  to  one  another ;  some  form  of  active 
recreation  is  almo.st  an  essential  to  the  completion  of  physical  training. 

Methodical  arrangement  of  physical  exercises  and  outdoor  games 
develop  manly  vigour.  We  see  this  quality  brought  out  in  those  who 
indulge  in  shooting,  out-door  sports,  and  out-door  games  generally. 
The  football  player  has  not  only  developed  his  muscles  ;  he  who  has 
rowed  in  his  college  eight  has  done  more  than  learn  how  to  negotiate  the 
sliding  seat.  The  exemplary  players  of  our  manly  out-door  games  have 
learnt  more  than  the  games  at  which  they  excel  — they  have  been  through 
a  training  in  which  they  have  acquired  courage,  pluck,  self-reliance, 
endurance,  quickness  of  eye  and  hand,  and  promptness  in. judgment; 
they  understand  what  discipline  and  self-control  are,  they  fully  appre- 
ciate what  we  mean  by  good-fellowship  and  loyal  comradeship;  they 
will  have  learnt  what  it  is  to  be  patient,  to  be  fair,  to  be  unselfish,  to 
be  true,  to  be  frank,  straight-forward  and  wholesome-minded. 

Out-door  games,  however,  can  never  take  the  place  of  physical 
training.  "  They  have  not  the  same  corrective  efifect,  many  of" them 
are  one-sided,  the  same  regular,  systematic  and  progressive  results 
cannot  be  obtained  from  them,  and,  apart  from  the  difficulty  of 
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obtaining  space  for  all  to  play,  the  greatest  drawback  to  the  use  of 
games  alone  is  that  the  weaker  and  less  expeit  performer  (i.e.,  the 
very  man  who  most  requires  training)  is  often  discouraged  by  his  want 
of  proficiency  and  so  ends  in  becoming  a  looker  on.  " 

It  was  not  until  one  visited  practically  all  the  great  training 
schools  for  the  youths  of  Japan— Tokyo,  Osaka,  Kioto,  Kobe,  Nagasaki, 
Hiroshima,  Yokahama,  etc. — that  one  quite  understood  how  it  is  that 
the  Japanese  simurai  is  such  a  hardy  warrior.  In  these  schools  one 
saw  children  of  7  or  8  years  daily  go  through  their  lessons  in  the 
various  fonns  of  jiu-jitsu,  sword  exercise,  physical  drill,  etc.,  and 
tliey  continue  to  do  so  until  the  time  they  enlist,  so  that  when 
simurai  is  15  or  16  years  of  age,  he  is  Y->hysically  thoroughly  trained 
and  requires  little  but  special  training  after  entering  the  Army  The 
Japanese  Army  has  included  a  modified  Swedish  system  to  complete 
the  training  of  the  recruit.* 

Acquired  communicable  disease  in  the  Army  in  India.— Before 
leaving  this  part  of  our  subject  it  is  specially  necessary  to  insist  that 
nothing  that  liappens  to  our  men  in  the  Army  should  interfere  with 
the  quality  of  our  future  recruits,  and  we  should  see  that  any  trans- 
missible diseases  which  they  acquire  by  accident  or  otherwise  in  the 
service  is  treated  in  the  most  approved  way  before  they  are  invalided, 
and,  if  possible,  arrangements  made  to  continue  such  treatment  after 
they  leave  the  Army.    We  should  remember  that  the  men  of  our 
Indian  Army  (European  and  Native),  whom  we  invalid  to  their  honies 
with  communicable  disease,  may  sow  the  seeds  of  such  disease  in  their 
homes  or  may  even  become  the  fathers  of  our  future  recruits,  the 
disease  or  the  tendency  to  it    being    inherited  by  such  recruits. 
A  few  instances  will  illustrate  one's  meaning.  We  are  yearly  mvaliding 
a  large  number  of  both  British  and  Native  troops  to  their  homes  for 
tubercle  of  the  lung.    In  the  interest  of  the  efficiency  of  the  Indian 
Army  it  is  imperatively  necessary  to  eliminate  every  case  of  tubercle 
of  the  lung  as  soon  as  a  positive  diagnosis  of  that  disease  has  been 
made     In  this  we  have  no  choice.    For  practically,  the  prospects  ot 
an  ultimate  cure  in  an  odd  case  or  two  are  so  meagre  that  they  may 
be  neglected,  and  the  risk  of  disseminating  the  disease  during  such 
ineffectual  efforts  at  cure  are  very  decided.    We  are  at  the  present  time 
invaliding  to  Nepaul  annually  about  65  (iurkhas  for  tubercle  of  the 
lung  (or  other  form  of  turberculosisj.t   In  most  of  these  cases,  probably 
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in  the  vast  majority,  the  disease  is  acquired  in  the  Army  in  men,  who  at 
the  time  of  enlistment  had  an  undiscoverable  susceptibility  to  it. 
It  is  fully  established  by  scientific  medical  evidence  that  pulmonary 
tuberculosis  is  a  communicable  disease.  Our  present  daily  practice  in 
reo-imental  hospitals  (and  that  in  practically  all  the  Army  hospitals  in 
Europe)  of  isolating  such  cases,  and  destroying,  by  incineration  or 
throu^rh  disinfection,  the  expectoration  (which  contains  the  bacillus 
tuberculosis,  the  essential  cause  of  the  disease)  of  such  patients,  is  based 
on  this  indisputable  fact.  By  sending  back  over  65  invalids  sufTenng 
from  this  disease  to  their  native  villages  in  Nepaul,  we  are  creating  new 
foci  for  its  dissemination,  and  as  it  is  seldom  that  two  or  more  men 
return  to  the  same  village,  the  number  of  new  possible  centres  of  infec- 
tion in  the  course  of  ten  years  or  so  would  be  considerable.  We  might 
urge  the  necessity  of  isolation  of  such  cases  and  the  destruction  of  the 
expectoration,  but  it  is  extremely  doubtful  whether  any  formulary 
of  rules  would  under  existing  circumstances  be  carried  out.  The 
possible  evil  consequences  of  this  on  our  recruiting  of  Gurkhas  a 
generation  hence  can  scarcely  be  calculated,  but  one  hazards  the 
statement  that  the  question  is  one  fully  deserving  of  serious  and 
timely  consideration.  'J'he  Grurkha  with  pulmonary  turberculosis 
knows  that  his  malady  is  one  which  sooner  or  later  will  prove  fatal, 
and  when  invalided  has  a  natural  craving  to  get  amongst  his  people 
in  his  native  home. 

The  same  remarks  apply  to  our  Pathan,  Dogra,  Punjabi  Musalman 
and  G-arhwali  regiments  ;  and  also  to  our  European  British  soldiers 
invalided  to  their  homes  in  the  United  Kingdom. 

Syphilis— its  relation toinefficiency.— Syphilis  (one  means  true 
specific,  constitutional  venereal  disease,  as  described  in  Part  IV,) 
is  another  transmissible  disease  which  gives  rise  to  a  considerable 
amount  of  inefficiency  and  invaliding  in  our  Army  in  India,  notably 
amongst  European  troops  and  Grurkhas.  Most  of  you  are  probably 
acquainted  with  the  orders  in  existence  in  regard  to  the  manner  of 
dealing  with  these  cases — 'that  they  must  be  systematically  kept  under 
at  least  a  year's  treatment.  This  is  a  most  comprehensive  and  far- 
reaching  order,  which  aims  at  restoring  the' efficiency  of  large  numbers  of 
men  annually,  and  all  combatant  officers  should  lend  their  help  to 
medical  officers  in  the  carrying  out  of  the  order.  The  men  need  as  a 
rule  only  be  in  hospital  during  the  initial  and  active  secondary  stage 
of  the  disease;  for  the  remainder  of  the  lime  they  are  at  duty,  attending 
the  hospital  once  a  week,  or  once  a  fortnight  for  treatment.  One  knows 
that  carried  out  in  its  integrity,  this  system  of  treatment  does  restore 
efficiency  in  men  who  have  acquired  syphilis,  and  that  in  probably 
70  per  cent,  if  not  more.  The  unfortunate  victim  of  syphilis  is 
never  a  pemona  grata  in  the  service,  and  the  prejudice  against  him  in 
some  regiments,  is  very  strong.  It  is[neoessaiy  from  a  disciplinary 
point  of  view  that  men  should  be  discouraged  from  running  the  risk  of 
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acquiring  venereal  disease  in  any  form,  but  once  it  has  been  acquired, 
it  is  the  medical  officer's  duty  to  restore  the  man  to  health  as  early  as 
practicable.  To  the  medical  officer  the  victim  of  syphilis  is  a  patient 
the  same  as  any  other  man  occupying  the  hospital  wards,  and  has  to  be 
treated  by  him  with  the  same  care,  consideration  and  attention. 
Another  important  point  of  the  order  referred  to  is  that  it  includes 
the  complete  eradication  of  the  disease,  in  a  certain  proportion  of 
cases,  and  to  that  extent  removes  the  chances  of  the  men  becoming  the 
fathers  of  children  who  inherit  syphilis,  which  children  may  some  day 
be  our  recruits.  * 


B. — Marching. 

Mechanical  disadvantages  in  marching.— A  capacity  to  endure 
long  marches  forms  a   constant  and  essential  part  of  the  soldier's 
training,  and  a  reference  to  the  subject  of  marching  may  not  be  out 
of  place  here.    It  is  a  truism  to  state  that  in  a  soldier  marching  in  unity 
with  a  column,  there  is  a  certain  amount  of  wasted  energy.    This  is 
partly  due  to  the  restraint  put  on  the  physical  freedom  of  movements 
of  the  limbs,  and  partly  to  the  stiiTness  of  the  movement.  No  amount  of 
special  training  can  remove  this  fact.    This  training,  however,  is  inevit- 
able, and  eventually  the  well-trained  soldier  acquires  a  sort  of  mechan- 
ism which  enables'^him  to  keep  step,  and  liis  place  in  the  ranks,  with 
the  minimum  loss  of  energy.    We  know  that  when  a  man  is  standing 
at  "  attention,"  he  is  exerting  his  muscle  to  maintain  his  equilibrium, 
because  the  basis  on  which  he  stands  is  small  and  not  secure.  On 
actual  field  service  one  of  our  duties  is  to  conserve  the  energies  of  the 
soldier  and  to  maintain  the  reserve  of  physical  energy  it  has  taken  years 
of  preparation  to  store  up.    Hence  we  make  our  men  "  march  at  ease  " 
or  "  stand  at  ease  "  whenever  practicable— we  avoid  keeping  them  at 
attention  longer  than  necessary. 


In  marching  with  the  full  field  equipment  the  centre  of  gravity  is 
beins  disturbed  at  every  step,  and  tliis  in  a  constrained  way,  as  the 
"latei'al  movements  and  freedom  are  limited ;  under  the.se  circumstances 
there  is  a  constant  waste  of  energy.  Hence  the  physical  advantage  of 
marching  at  ease  and  in  open  order,  in  which  there  is  less  energy  lost 
and  the  demands  on  the  muscular  system  more  deliberate. 

Action  of  the  feet  in  marching. -In  marching  the  fooij  should 
only  he  raised  from  the  ground  as  far  as  is  requii^ed  to  clear  any 
obstacles;  nor  should  it  be  advanced  beyond  where  it  is  to  fall.  It  is 
well  known  that  when  the  leg  is  at  its  greatest  length,  that  is,  when  it 
has  lUst  urged  the  body  forward  and  is  lifted  from  the  ground,  it  talis 
foiwd  as  a  pendulumfrom  its  own  weight,  not  from  muscular  action ; 
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and  this  advance  is  from  within  and  behind  to  without  and  before, 
which  action  alone  carries  the  limb  outwards. 


Fig.  2.— Military  or  straight-leg  marchiiig  after  Biiadfoiii)). 

The  soldier  should,  liowever,  be  taught  to  restrict  this  outward 
inclination  or  eversion  of  the  foot.  A  moderate  inclination  of  about 
10^  best  answers  all  requirements,  as  it  favours  the  broadest  basis  of 
support  with  the  maximum  of  claw-like  propulsive  movement  from  the 
toes. 

"  Under  present  methods  of  marching  the  shoulders  must  be  kept 
straight,  the  neck  and  body  erect  ;  the  knees  are  only  slightly  bent 
and  the  feet  are  thrown  out  well  in  advance  of  the  body,  the  free  arm 
swinging  naturally.  In  ordinary  walking  the  heel  touches  the  ground 
first,  the  greatest  weight  being  borne  by  the  flat  of  the  foot,  and  the 
toe  bearing  the  ground  first.  Too  often  the  soldier  is  taught  or  acquires 
the  habit  of  placing  the  foot  almost  flat  on  the  ground,  thereby  increas- 
ing the  shock  of  impact  and  personal  fatigue.  The  foot  acts  as  a 
lever  of  the  second  order,  in  which  the  basis  of  the  toes  are  the  ful- 
crum, the  muscles  of  the  calf  attached  to  and  hauling  on  the  heel  are 
the  power,  and  the  resistance  is  the  weight  of  the  body  transmitted  bv 
the  sliin  bones  to  the  ankle  joints  In  ordinary  marching  the  toes 
should  be  directed  well  forward,  so  that  the  thrust  backw°ards  in  the 
foot  should  be  in  the  direction  of  its  length  and  not  across  it." 

Position  of  the  body  in  marching.— In  walking  the  whole  body 
IS  projected  forwards.  In  doing  this  the  point  of  the  centre  of  gravity 
of  the  body  describes  a  circular  movement  in  the  form  of  an  arc  about 
the  foot.  The  less  the  body  is  raised  the  less  the  labour.  In  lono- 
steps  the  arc,  and  the  height  to  which  the  body  is  raised,  are  greater— 
in  short  steps,  less.  It  is  probable,  however,  that  the  angle  at  which 
the  body  is  bent,  and,  of  course,  the  oo-efficient  of  resistauce,  are  not 
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materially  aflfected  by  the  length  of  the  step,  so  long  as  the  speed  is 
not  altered.  The  3()-inch  step  of  "quick  time"  with  112  paces  a 
ininuLe,  when  the  fully  equipped  man  is  carrying  about  401bs.,  is  the 
most  economical  for  his  energies.  It  is  probable  also,  that  under  the 
same  conditions,  the  33-inoh  step  of  "  stepping-out "  time  with  110 
paces  to  the  minute,  is  a  trifle  too  long.  The  step  in  our  Arrny 
varies  from  33  inches  at  "  the  double"  and  in  "  stepping  out,  "  to  21 
"  in  stepping  short,"  and  24  in  forming  "  fours-deeip." 

Most  economical  speed  with  field  equipment.— It  is  probable 
that  with  the  full  equipment,  the  most  economical  rate  in  an  ordinary 
12  to  16  miles'  march  is  about  3  miles  an  hour  including  halts,  but 
excluding  the  longer  half-way  one.  Small  picked  forces  may  go  be- 
yond this  average  for  weeks,  but  large  forces,  even  when  consisting  of 
chosen  men,  will  rarely  do  so  without  great  strain.  The  pace  laid 
down  in  GomUnei  Training  for  an  infantry  column  is  one  mile  per 
18  minutes,  and  infantry  should  be  practised  to.  keep  this  pace  for 
long  distances.  In  war  time  it  will  often  be  necessary  to  make  men 
go  at  "step  out"  rate  for  many  miles.  Men  cannot  do  this  if  they 
have  not  been  trained  to  it  in  peace  times.  Rapid  marching  without 
time  limits  for  distances  during  route  marches  should  be  practised 
during  peace  times.    These  should  not  be  competitive  with  other  units. 

Adherence  to  marching  discipline.-Good  marching  depends 
larpelv  on  the  efforts  of  regimental  officers  to  give  efiFect  to  the  rules 
as  to  march  discipline,  contained  in  Section  23,  pp.  23-24,  Comhmed 
Training,  1905. 

The  natural  step  varies  with  individuals  but  it  should  not  exceed 
six-sevenths  of  the  height  of  the  limbs,  which  in  average  soldiers  is  27  ; 
tWs  is  too  short  a  pace  for  ordinary  marching.  ^  he  ordinary  step  m  the 
French  infantry  is  29i"  at  120  paces  per  minute,  and  in  the  Cxerman 
31"  at  1 12. 

It  is  probable  that  the  speed  of  the  step  should  not  exceed  120 
per  minute,  as  when  the  number  of  steps  is  increased  the  length  is 
diminished. 

In  uractice  the  men  usually  choose  their  own  length  of  step.  It 
•         .h^  pfsier  for  the  avera-e  man  to  increase  the  number  ot  steps 

usin-  webbing  instead  of  leather  attachments. 

Vhilst  there  is  more  ease  m  man^i;^  in  t^  ranks  i^^than 
in   former  J^ars,  we  are  unable  to  lemo^^^^^^  All  men  are 

ranks  with  the  good  marcher. 


PriYSlCAL  TRAINING  OF  THE  SOLDIER. 


63 


It  is  not  possible  to  make  the  marching  of  fully  accoutred  and 
equipped  soldiers  as  free  and  unencumbered  as  that  of  the  individual 
walking  independently  and  unweighted,  but  our  object  should  be  to 
endeavour  to  approach  this  as  far  as  practicable.  What  one  would  here 
emphasise  is  the  necessity  of  permitting  men  to  march  without  unne- 
cessary limitations  or  restrictions— to  move  with  as  much  freedom  as 
the  circumstances  of  marching  in  the  ranks  allow.  At  the  end  of  the 
day's  march  the  men  should  feel  that  they  have  had  what  is  only  a 
healthful  amount  of  exercise. 

Two  or  more  converging  roads  preferable  for  a  large  force. — 

Where  there  are  two  or  more  roads  of  advance  to  the  front,  and  even 
at  tlie  front,  when  tactical  considerations  permit,  the  force  should 
proceed  by  these  and  not  adhere  to  one  road.  There  are  adminis- 
trative advantages  as  regards  food,  quarters  and  comfort,  inherent  in 
dispersion,  as  opposed  to  over-concentration,  which  will  nowadays 
be  duly  considered  * 

Best  time  to  march  — The  actual  time  of  marching  is  governed 
by  many  considerations,  such  as  the  condition  of  the  roads,  state  of  the 
weather,  and  above  all,  by  military  considerations.  Whenever  possible 
the  march  should  be  early  in  the  morning,  for  at  this  time  the  air  is 
cool,  the  men  are  fresh  after  the  night's  rest,  and  the  early  start  enables 
them  to  get  to  the  next  halting  place  before  it  is  too  warm. 

Early  morning  marches  in  hot  weather. — In  the  hot  weather,  the 
early  morning  hours  are  the  best  to  march  in  all  parts  of  the  Frontier. 
The  plan  now  generally  adopted  in  marching  in  peace  time  is  to  arrange 
the  march  so  as  to  arrive  in  camp  by  9  a.m.,  or  a  little  earlier,  when  march- 
ing in  the  hot  weather.  When  a  long  march  is  to  be  undertaken  with 
the  prospects  of  a  hot  day,  the  Regulations  advise  that  a  halt  of  three  or 
four  hours  should  be  made  in  the  middle  of  the  day.  This  allows  men  and 
animals  to  feed  and  rest,  and  is  certainly  a  less  fatiguing  way  of  com- 
pleting a  long  march  under  the  circumstances.  During  the  winter 
months,  a  start  before  sunrise  is  best.  If  the  march,  however,  is  a  lono- 
one,  and  likely  to  be  associated  with  many  interruptions,  it  is  better  to 
start  in  the  dark  in  the  morning  than  to  arrive  in  camp  after  dark  in  the 
evening.  It  is  always  advisable  when  practicable  to  ensure  reaching 
camp  at  least  before  sunset. 

Bad  effect  of  night  marching — Night  marches  should  never  be 
undertaken,  except  for  strategical  or  other  military  reasons  or  for  training. 
Night  marching  in  India  is  now  almost  universally  condemned  as  a 
practice  even  in  the  hottest  weather.  Kefreshing  sleep  is  most  impor- 
tant to  our  men  ;  and  in  the  hot  weather,  especially  with  an  absence  of 
shade,  in  dust,  and  possibly  flies,  men  cannot  sleep  during  the  daytime. 
A  small  shooting  party  can  of  course  march  all  night  and  Hnd  siiade  and 
shelt^er  where  a  large  force  cannot.  This  is  specially  the  case  with  our 
British  soldiers,  for  they  cannot  sleep  in  tents  during  the  day  and  soon 


*  Combined  Trainhig,  1005,  p.  16. 
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knock  up  for  want  of  rest.  All  experience  shows  that  night  marches 
eat  into  the  soldier '.s  staying  power  more  than  any  otlier  factor. 
Constant  marching  at  night  always  leads  to  long  lists  in  the  morn- 
ing state.  Except  under  pressing  military  nece.ssity  night  marches 
should  not  be  continued  as  a  routine  in  mobilising  troops. 

Exceptional  circumstances  alter  this  rale.—"  Tactical  considera- 
tions, the  length  of  the  march,  state  of  the  weatlier,  and  other  con- 
siderations may  oblige  the  force  to  start  some  time  before  day-break. 
It  is  preferable  to  start  in  the  dark  than  reach  the  destination  late." 

The  men  should  never  begin  the  day's  march  on  an  empty 
stomach.  What  is  required  is  a  light  meal  before  the  march,  tea  or 
coffee  with  some  bread  or  biscuits,  or  with  Native  troops  cliappatiea,  etc. 
Especially  is  this  necessary  with  early  marching  as  at  that  time  the 
stamina  is  at  its  lowest,  and  the  warm  beverage  sustains  and  rouses 
the  men,  lessens  the  sense  of  fatigue  and  adds  to  their  resisting  power 
against  disease  causes.  A  large  meal  should  not,  however,  be  given 
until  the  march  is  over. 

The  men  should  start  with  their  water-bottles  full,  but  restrain 
themselves  from  drinking  as  long  as  possible.  The  use  of  alcohol  in  any 
form  during  the  march  should  be  strictly  forbidden.  This  rule  should 
be  absolute. 

Average  length  of  march. — The  march  en.  route  to  the  front 
averages  from  12  to  15  miles,  but  may  vary  from  8  to  18  or  20.  A 
forced  march  is  any  distance  from  24  to  3'i  miles  and  may  occasionally 
be  40  miles,  done  in  the  24  hours.  Forced  marching  cannot  without 
inordinate  strain  be  carried  on  beyond  36  hours  without  a  period  of  rest. 

Duration  of  day's  march  varies  with  Strength  of  column. — The 

length  of  time  taken  to  do  a  day's  march  varies  with  the  strength  of 
the  force  and  length  of  column.  When  only  a  few  regiments  are 
marching  together  without  any  interruptions,  a  14  miles'  march  can  be 
easily  done  in  .'S  hours.  When  8,000  or  IO,COO  men  are  on  the  road 
together  the  same  march  will  take  it  7  liours,  often  longer;  three 
Divisions  will  take  9  or  10  liours.  Many  circumstances  delay  marches, 
head  winds— a  strong  wind  acting  on  a  large  body  of  men  will  add 
from  10  to  20  per  cent,  in  the  time  it  takes  to  do  a  march — rain,  and 
snow  add  10  to  15  per  cent.  Great  heat,  dusty,  sandy  or  muddy 
roads,  darkness,  steep  hills,  etc.,  are  all  factors  which  prevent  the 
normal  rate  of  marching  being  maintained.  Including  halts  an  Infantry 
Brigade  should  average  three  miles  an  hoxw.  It  is  unsafe  to  calculate 
on  a  large  force  marcliing  on  a  road  more  than  two  miles  an  hour. 
The  darker  it  is,  the  slower  will  be  the  pace.  The  length  of  an  average 
march  for  a  column  of  all  arms  is  12  to  15  miles  a  day,  with  a 
rest  at  least  once  a  week  ;  small  commands  of  sound  soldiers  on  good 
roads  can  do  20  miles  a  day,  but  in  extensive  operations  involving  large 
bodies  of  units,  the  average  rate  of  marching  will  not  be  found  to  exceed 
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12  miles  a  day.  *  Infantry  do  a  mile  in  18  minutes  comfortably,  and 
cavalry  in  15  minutes  walking  and  in  8  minutes  trotting. 

Condition  of  road.r-The  condition  of  the  roads  is  always  to  be 
taken  into  account  in  estimating  the  fatigue,  and  wear  and  tear  likely 
to  occur  in  troops  and  transport  animals.  Fifteen  miles  on  a  good 
road  is  done  by  troops  cheerfully  and  without  any  real  fatigue;  a 
similar  distance  after  a  severe  thaw  on  a  broken  road,  over  an  enemy's 
country,  or  even  on  a  katcha  road  after  heavy  rain,  would  be  extremely 
fatiguing  to  both  men  and  animals.  Throughout  the  whole  of  the 
1814  campaign,  in  the  deep  and  lieavy  soil  of  Cham paigne,  with  bad 
country  roads  and  unpropitious  weather,  the  sujBferings  of  the  troops  on 
both  sides,  who  were  constantly  mancBuvriug,  were  aggravated  to  an 
intense  degree. 

Leading  unit  to  keep  regular  pace. — In  marching  in  column 
the  officer  of  the  leading  unit  should  remember  that  he  is  at  an 
advantage  and  those  behind  at  a  disadvantage.  It  is  very  necessary 
that  he  should  keep  a  regular  pace  ;  an  irregular  pace,  with  checks 
and  rushes,  is  very  exhausting  to  marching  men. 

Open  order  on  dusty  roads. — In  dusty  and  hot  weather  the  column 
may  with  advantage  be  opened  out  on  each  side  of  the  road,  the  centre 
of  the  road  being  left  clear.  The  dustier  the  road  the  wider  should  be 
the  open  order.  In  very  hot  weather  it  may  be  necessary  to  open  out  a 
column  by  increasing  the  distance  between  sections  of  fours,  and  allowing 
an  increased  interval  between  men.  This,  of  course,  requires  the  order 
of  the  ofBcer  commanding  the  column. 

Supply  of  water  on  the  march.—"  During  the  hot  weather, 
arrangements  for  supplying  the  troops  with  water  during  the  short 
halts  should  be  made,  either  by  means  of  water-carts  accompanying  the 
units,  or  by  inducing  the  inhabitants  living  near  the  route  to  place 
buckets,  etc  ,  full  of  water  at  the  roadside."  In  the  enemy's  country 
the  medical  officer  should  assure  himself  that  the  water  has  not  been 
tampered  with  by  the  local  inhabitants  under  instructions  of  the  enemy. 
The  Japanese  were  always  cautious  in  regard  to  this  matter. 

Soldiers  must  be  trained  to  restrain  thirst.— Excessive  drinking 
adversely  affects  a  man's  marching  powers,  and  makes  it  difficult  for  him 
to  dispense  with  a  plentiful  .supply  of  water.  Men  are  not  to  be  permitted 
to  faU  out  for  water  ;  when  necessary,  halts  will  be  made  to  enable  men 
to  fill  their  water-bottles.  It  is  difficult  to  interfere  with  thirsty  men 
using  their  water-bottles,  but  we  should  take  every  opportunity  of 
explaining  them  the  inadvisability  of  deluging  themselves  with  liquid 
unnecessarily,  and  that  drinking  to  excess  is  largely  a  matter  of  habit 
Men  should  refrain  from  drinking  as  long  a.s  possible,  and  when 
thirsty  drink  sparingly,  and  keep  a  reserve  in  the  water-bottle.  The 
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putting  of  a  few  pebbles  in  the  mouth,  which  keep  the  mouth  moist 
by  exciting  the  flow  of  saliva,  is  by  no  means  to  be  despised  as  an 
assuager  of  thirst. 

Straggling.— Straggling  in  marching  should  always  be  strictly 
interdicted.  Nothing  is  more  depressing  and  demoralising  to  troops 
than  straggling,  and  it  must  at  all  costs  be  prohibited.  Its  special 
remedies  are  to  have  none  but  fit  men  with  the  force,  removal  of  all  sick 
and  incapable  from  the  ranks  at  once,  and,  in  some  cases,  assistance. 
The  men  should  be  kept  cheerful  and  in  some  way  occupied  The 
regimental  band  shortens  the  road  as  does  also  choral  singing. 

Halts  on  the  march.—"  Halts  of  5  to  10  minutes  are  allowed  after 
every  60  minutes'  marching."  The  first  halt  might  with  advantage 
be  made  after  the  first  half  hour  as  this  enables  men  to  re-adjust  any 
part  of  their  equipment  that  is  causing  irritation,  friction,  or  discom- 
fort. Regular  halts  are  necessary  to  rest  the  muscles  and  relieve 
their  tension  — 5  minutes  after  each  hour's  actual  marching.  When 
the  march  exceeds  10  miles  it  is  desirable  to  rest  for  15  or  20  minutes 
half  way.  There  is  greater  economy  of  energy  in  this  than  in  doing 
a  10  mile  march  in  two  stretches  of  5  miles  each,  with  a  compara- 
tively long  rest  between  them.  Long  halts  are  undesirable— 
they  permit  the  muscles  to  stiffen  and  predispose  to  chills.  The 
halt,  however,  should  be  a  real  five  minutes.  One  frequently  sees 
two  of  the  five  minutes  wasted  in  forming  up  at  the  side  of  the 
road,  piling  arms  and  breaking  off".  Lord  Roberts'  march  to  Kandahar 
proved  the  use  of  the  short  halt  by  what  the  force  attained.  In  all 
unusually  long  marclies,  when  possible,  an  advance  party  should 
proceed  to  the  half-way  halt  to  prepare  tea  or  coffee  — and  lots  of  it — 
for  the  men.  In  this  case  what  is  required  is  liquid  warmth,  which,  in 
the  shape  of  tea  or  coff'ee,  is  an  excellent  restorative. 

Sanitation  during  halts. — The  duties  of  the  sanitary  police  are 
most  important  during  the  halt  to  prevent  men  rendering  the  neigh- 
bourhood foul  and  insanitary.  It  is  urgently  necessary  that  promiscuous 
fouling  of  the  ground  be  prohibited.  The  moment  the  men  are  to  halt 
the  officer  commanding  should  point  out  the  place  for  the  purpose,  and 
the  sanitary  police  should  see  that  all  men  using  it  cover  up  all  excreta 
with  earth  or  that  a  sweeper  on  duty  does  so.  Each  man  should  make 
a  shallow  excavation  with  the  point  or  heel  of  his  boot,  bayonet,  kukri, 
or  a  stick,  into  which  the  excreta  should  be  deposited,  finally  replacing 
the  removed  earth  over  the  excreta.  If  this  is  not  done  and  a  large 
force  is  marching  in  column,  a  terribly  disgusting  state  may  arise, 
and  a  vast  amount  of  preventable  disease  be  created.  This  practice 
should  always  be  carried  out  on  the  line  of  march  and  on  mana3uvres. 
It  is  of  extreme  importance.  An  alternate  method  is  that  the  sanitary 
section  men  should  accompany  battalions  or  other  units  on  the 
march,  in  the  proportion  of  one  sanitary  section  man  per  two  com- 
panies. This  man  is  to  carry  a  spade.  In  British  regiments 
Regimental  Standing  Orders  should  insist  that:  — (I)  All  men  must 
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cover  their  own  excreta  with  loose  earth,  scraped  up  with  a  bayonet, 
sword  or  a  boot;  (2i  men  except  in  very  urgent  cases  must  not  be 
allowed  to  fall  out  between  halts  ;.  (3)  at  short  halt?,  say,  for  under  half 
an  hour,  the  sanitary  soctiou  man  should  report  to  the  senior  company 
officer  of  the  two  companies  to  which  he  is  attached,  who  will  indicate 
to  him  a  suitable  place  to  wliich  men  falling  out  must  go.  The 
sanitary  section  man  Tnust  at  once  proceed  to  the  spot  accompanied  by 
the  men  wishing  to  fall  out.  He  will  either  himself  cover  up  their 
urine  and  fteces  with  earth,  or  see  that  the  men  do  so  in  some  way.  No 
men  should  be  allowed  to  rejoin  their  companies  or  column  until  this 
material  is  covered  ;  (4)  when  halts  are  for  longer  periods  than  half 
au  hour,  or  when  outposts  are  placed,  the  sanitary  section  man  must 
proceed  as  directed  above  to  the  spot  intended  to  be  used  for  excrement, 
and  there  dig  a  few  short  shallow  trenches  for  defsecation  and  one 
shallow  trench  3  inches  deep  as  a  urinal.*  With  Native  Troops  one 
stv  eeper  per  double  company  should,  under  the  supervision  of  a  sanitary 
section  man,  be  employed  in  covering  up  all  excreta  with  earth. 

These  orders  should  be  rigidly  enforced  and  the  British  officer  of 
the  day  should  visit  the  places,  see  that  they  have  been  left  in  a  clean 
state,  and  report  the  fact  (or  otherwise)  to  the  officer  commanding. 
One  feels  sure  that  if  men  and  officers  thoroughly  understood  the 
dangers  of  the  old  custom  of  promiscuous  defgecation  and  urination 
at  every  halting  place  without  any  precautions,  the  matter  would 
receive  the  attention  it  deserves,  and  the  men  would  fully  co-operate  in 
carrying  out  all  orders  on  the  subject. 

Causes  of  falling  out.— The  chief  causes  leading  to  men  falling 
out  are— diarrhoea,  colic,  sore  feet,  faintness,  and,  in  the  hot  weather, 
heat  syncope.  Dissipation  and  drink  at  night  cause  diarrhoea,  and 
eating  unwholesome  or  badly  cooked  or  stale  or  decomposing  food, 
causes  colic  and  diarrhoea. 

Care  of  the  soldier's  feet.— Proper  care  of  the  feet  is  incumbent 
on  every  soldier  and  must  be  insisted  on  by  his  officers  and  non-commis- 
sioned officers.  In  something  hke  per  cent,  of  infantry  soldiers  the 
feet  are  damaged  in  one  way  or  another  during  the  first  week's  march. 
Even  with  every  possible  care  and  precaution  a  certain  number  of  men 
suffer  and  are  temporarily  rendered  inefficient  from  this  cause.  The 
chief  causes  of  foot-soreness  are— ill-fitting  boots,  holy  or  badly  darned 
or  dirty  socks,  and  dirty  feet. 

The  feet  of  all  troops  should  be  washed  every  day,  and  when  water 
for  the  purpose  is  not  available  they  should  be  thoroughly  wiped  witli 
a  wet  towel  or  cloth,  special  care  being  given  to  wiping  the  toes  and 
between  them.  Men  who  are  incHned  to  have  sweaty  f^et  micrht  use 
an  ointment  of  2  per  cent,  of  salicylic  acid  in  vaseline,  or  use  "dailv  a 
i  per  cent,  solution  of  formaldehyde.  The  following  powder  is  also 
useful  : -Salicylic  acid  3  parts,  powdered  Venetian  talc  87  parts  starch 
10  parts.  ' 


*  Colonel  R.  H.  FiuJ  H,  MiliViry  Hyyhne,  pp.  260-261. 


68 


PREVENTION  OF  DISEASE. 


These  applications  are,  however,  not  preventive.  The  proper 
remedy  is  good  Htting  boots  and  good  socks,  and  insisting  on  the  men 
cleaning  the  feet  daily.  It  should  be  remembered  that  men  with  badly 
tormed  feet  ct>n  seldom  be  good  marchers  and  should  not  be  recruited 
tor  the  infantry. 

One  of  the  first  cares  of  medical  officers  will  be  the  state  of  the 
men's  feet.  For  the  first  few  days  it  is  advisable  to  hold  a  daily 
foot  inspection,  and  place  under  treatment  any  bad  cases  of  blister 
or  shoe-bites.  He  will  at  the  same  time  see  tlie  men's  boots  and 
socks,  advise  regarding  any  defects  he  notices  in  these,  and  in.sist 
on  the  men  washing  their  feet  with  soap  and  water  at  least  once 
a  day.  The  seasoned  British  soldier  seldom  omits  to  wash  his  feet 
at  the  end  of  a  march  and  put  on  dry  clean  socks.  It  is  no  unusual 
thing  to  have  to  treat  an  average  of  10  to  J 5  cases  daily  of  shoe- 
bites,  inflamed  corns  or  bunions,  ingrown  toe  nails,  ^'tc..,  during  the 
first  six  or  eight  days'  march.  Taken  early,  the  great  majority  of  these 
are  readily  set  right ;  neglected  and  poisoned  by  septic  germs,  they 
may  necessitate  the  man's  being  sent  back  to  the  depot  or  to  the  base. 
A  simple  shoe-bite  or  blister  in  a  thoroughly  clean  man  is  a  very 
temporary  inconvenience,  whilst  in  a  man  wliose  feet  are  layered  with 
dirt  and  micro-organisms,  it  may  mean  weeks  of  inefficiency.  A  lather 
of  soap  with  hot  water  on  the  feet  before  putting  on  the  sock,  or  even 
rubbing  the  inner  surface  of  the  sock  with  soap,  .saves  many  cases  of 
foot-soreness.  There  are  numerous  other  simple  plans  of  preventing 
sore  feet  with  which  all  military  medical  officers  are  familiar,  and  which 
they  apply  to  individual  cases.  Foot-soreness  from  defective  socks  is 
always  avoidable.  Socks  should  be  without  holes,  and  when  darned, 
the  material  used  should  not  abrade  the  skin.  If  the  men  have  two 
pairs  of  boots  each,  both  pairs  should  have  been  taken  into  wear,  and 
shaped  to  the  feet,  before  commencing  the  march. 

"  Rubbing  "  of  thighs.  — Chafing  of  the  inside  of  the  thighs  from 
rubbing  of  the  trousers,  or  when  wearing  "shorts"  without  proper 
under-drawers,  from  dust  and  sweat,  may  be  a  cause  of  much  discomfort. 
A  drying  powder  ot  oxide  of  zinc  and  boric  acid  (1  to  3)  or  simple 
boric  powder,  the  use  of  suitable  drawers,  and  the  practise  of  real 
cleanliness,  are  usually  sufficient  to  relieve  this. 

Diarrhcea  on  the  march.  — On  our  N.-W.  Frontier,  especially 
when  diarrhcEa  prevails,  the  falling  out  of  men  to  relieve  nature  is 
always  associated  with  risk.  It  is  well  to  advise  men  to  relieve  them- 
selves before  the  march  b'^gins,  during  a  halt,  or  when  the  march  ends. 
The  medical  officer  will,  of  course,  avoid  the  use  of  purgatives  as  far 
as  possible,  and  vvlien  given,  they  will  usually  be  of  a  simple  nature. 

Advice  against  chills — The  medical  officer  should  at  the  beginning 
of  the  march  forbid  men  taking  ofif  tlieir  upper  garments  because  they 
feel  hot  and  are  sweating.    This  is  the  opposite  of  what  should  be  done, 
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for  the  same  reason  that  we  put  on  a  sweater  after  polo,  racquets,  or  tennis. 
The  risk  from  cliill  after  great  exertion,  when  the  physical  resistance 
is  below  par,  is  a  real  one,  operating  in  various  ways  for  evil.  In  hot 
weather  the  heat  developed  by  pliysical  exertion  must  be  thrown  of? 
by  the  lungs  and  skin,  if  not,  "heat  accumulates  within  the  system, 
and  heat-stroke  or  sunstroke  may  result.  The  soldier  in  marching 
in  the  hot  weather  with  a  full  kit  usually  sweats  considerably,  loses 
water  from  the  body,  but  the  formation  of  heat  under  muscular  action 
goes  on.  If  the  air  is  already  humid,  evaporation  from  the  surface  is 
interrupted.  Agaiu,  if  there  be  a  scanty  water-supply  on  the  march, 
and  he  cannot  replace  the  fluid  lost,  sunstroke  may  arise  A  full 
supply  of  water  should  be  always  ready  at  hand. 

Great-coats  seldom  to  be  worn  while  actually  marching. —  When 
rain  is  expected  the  great  coat  should  always  be  at  hand.  Men  should, 
however,  be  discouraged  from  using  their  great-coats  for  every  trifling 
shower  of  rain.  While  actually  marching,  rain  will  not,  as  a  rule,  do 
any  harm.  A  great-coat  weighing  about  51bs.,  when  saturated  with 
rain,  is  very  heavy.  It  is  better  to  have  dry  great-coats  to  put  on  over 
sweaty,  wet  shirts  and  khaki  coats  when  the  march  is  finished,  than 
to  have  the  great-coat  also  saturated.  During  halts  in  rain,  of  course, 
the  great-coat  should  be  worn.  The  men  should  be  cautioned  against 
the  prevalent  practice  of  discarding  their  coats  as  soon  as  they  get 
into  camp,  and  while  waiting  for  the  transport  to  bring  up  their  tents. 
Their  shirts  are  moist  with  perspiration,  and  they  are  then  tired  and 
very  prone  to  chill.  On  reaching  camp  the  men  should  be  broken  oflF 
at  once,  take  off  their  accoutrements,  but  not  their  coats. 

In  marching  on  manoeuvres  or  to  the  front  and  in  the  early  part 
of  a  campaign,  there  will  usually  be  a  weeding  out  of  seedy  men,  of 
those  with  latent  disease  becoming  pronounced  under  the  strain 
of  service,  and  of  those  of  poor  physique  ;  these  latter  being  usually  in 
the  yoimger  men. 

Necessity  of  a  weekly  halt.— When  marches  are  to  be  continu- 
ous, a  halt  of  once  a  week  is  necessary  to  keep  the  men  6t. 

All  men  falling  out  to  be  given  a  name  ticket,— When  on  field 
service  a  ticket  witli  name,  number,  regiment  and  rank,  should  be 
given  to  every  man  who  falls  out  on  the  march,  except  when  he  does 
so  for  purposes  of  nature. 

On  the  march  and  at  the  front  tlie  medical  officer  inspects  the  men 
as  irequently  as  possible,  not  formally  or  to  worry  them.  He  will  avail 
himself  of  every  reasonable  opportunity  of  being  amongst  the  men,  and 
take  mental  notes  of  their  condition.  He  will  give  orders  that  all  cases 
of  indisposition  are  to  report  sick  at  once.  Men  do  not  sham  sickness 
when  going  on  field  service,  and  certainly  never  at  the  front.  I  have 
never  known  a  man  on  field  service  to  report  sick  without  adequate  cause 
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Apropos  of  tins,  one  remembers  the  case  of  a  man  of  a  Native  Infantry 
Kegiment  in  No.  14  Native  Field  Hospital  in  iMandalay  in  1887  who 
had  been  wounded  in  the  upper  part  of  the  right  thigh  several  months 
previously,  and  constantly  complained  of  severe  pain  in  the  region  of 
the  wound,  long  after  it  had  liealed.  He  was  then  a  prisoner  under 
observation  for  shamming  sickness.  A  new  medical  officer  on  investi- 
gating his  case,  suggested  that  an  operation  was  necessary.  This  was 
performed  and  a  nerve  tumour  (what  we  call  a  tmumatic  neuroma)  was 
excised  from  the  external  cutaneous  nerve  at  the  upper  and  outer  part 
of  the  right  thigh.  From  the  moment  of  the  operation  the  man  did 
not  complain  of  his  neuralgia.  This  is  a  warning  to  officers  suspecting 
men  of  scheming  on  iield  service. 

The  medical  officer  sees  that  rations  are  properly  cooked  and 
distributed,  that  the  kitchens  are  clean,  and  the  cooking  utensils  are 
cleaned;  that  the  men  do  not  expose  themselves  to  chill  or  the  sun 
unnecessarily;  that  they  bathe  themselves  and  wash  their  clothes 
when  opportunities  offer.  When  bathing  in  deep  waters,  a  bathing 
piquet  with  ropes  should  be  on  duty  while  men  are  bathing.  One 
has  seen  two  cases  of  drowning  with  troops  on  the  march  We  have 
several  times  seen  crocodiles  in  Indian  rivers  and  canals  near  where 
men  of  regiments  were  battling.  British  troops  should  be  warned 
about  the  dangers  of  the  sun  on  the  head  when  swimming.  Not  more 
than  ten  minutes'  swimming  should  be  permitted. 

On  halt  days,  he  will  see  that  the  tents  are  opened  out  in  the 
way  described  later  on,  the  kits  aired  and  sunned,  that  tent  drains 
are  dug,  that  the  camp  area  is  properly  cleaned,  and  the  latrines  in  as 
satisfactory  a  condition  as  possible. 

Peace  duties  of  medical  officers  are  a  training  for  those  during 

war  — In  a  general  sense,  so  far  as  individual  regiments  are  concerned, 
the  preventive  measures  on  field  service  should  be  no  abrupt  depar- 
ture from  those  adopted  in  peace  times  on  the  march  and  during 
mancEUvres.    On  the  march  the  medical  officer  with  the  unit,  at  each 
camp  inspects  the  water-supply,  which  is  almost   invariably  from 
wells,  rivers  or  streams  ;  where  necessary  permanganates  it  or  orders  it  to 
be  boiled,  filtered  or  otherwise  sterilised  ;  has  a  sentry  placed  on  the 
source  of  supply  to  prevent  its  pollution,  and  others  over  sources  (if 
any)  unfit  for  use  ;  he  forbids  the  watering  of  animals,  all  bathing  and 
washing  of  clothes  where  the  water  is  drawn  from  ;  allots  places  for  bathing 
and  washing  of  clothes,  the  watering  of  animals,  etc.  ;  he  inspects  the 
food-supplies  of  all  kinds  to  be  issued  to  the  troops,  including  the  milk, 
and  interdicts  the  sale  and  use  of  whatever  he  considers  unwliolesome  ; 
selects  sites  for  the  night-soil  trenches,  and'   for  the    deposit  and 
incineration  of  all  camp  refuse  ;  sites  for  the  kitchens,  and  for  transport 
animals;  ascertains  whether  there  is  any  infectious  or  prevailing  disease 
in  neighbouring  towns  or  villages,  and  if  so,  has  these  placed  "  out  of 
bounds,"  and  sentries  posted  at  safe  distances  to  prevent  the  troops 
visiting  these  infected  places.    After  the  first    week    or    so  only 
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occasional  foot  inspections  should  be  necessary,  and  at  these  be  also 
continues  to  note  tlie  state  of  the  men's  boots  and  socks,  endeavours 
to  rectify  any  personal  causes  of  disease  or  general  insanitary  practices 
he  observes  ;  and  assures  himself  that  the  camping  ground  is  left  in 
a  clean  state,  and  fit  to  be  re-occupied  at  once  by  another  regiment. 
As  camping  grounds  in  India  are,  as  a  rule,  already  fixed,  he  seldom 
has  to  select  a  site,  but  this  is  sometimes  necessary,  as  on  manoeuvres, 
or  when  the  prescribed  sanitary  camp  for  occupation  during  epidemic 
disease  in  cantonments  has  to  be  suddenly  evacuated,  or  when  epidemic 
disease  occurs  in  the  immediate  neighbourhood  of  regular  camp- 
ing grounds  on  the  marcli.  In  this  case  he  applies  his  hygienic  know- 
ledge to  the  question  of  the  most  suitable  available  site. 

Wide  scope  of  medical  officers'  duties.  — Carried  out  in  their 
integrity,  these  duties  embrace  a  wide  field  of  preventive  medicine, 
and  are  almost  identical  with  those  carried  out  by  medical  officers  of 
units  of  the  Japanese  Army  in  the  late  iManchurian  War, 

The  medical  officer  no  longer  a  passive  sanitary  adviser.— 

The  military  medical  officer  of  units  of  the  present  day  has  more 
power  to  insist  on  the  carrying  out  of  what  he  considers  may  favour 
the  health  of  the  men  under  his  care,  than  was  the  case  a  few  years  back, 
and  the  more  he  is  a  man  of  action,  the  greater  the  power  he  will  possess 
with  commanding  officers  in  this  respect.  In  future  he  will  certainly 
have  to  put  aside  his  former  ?-d/e  of  passive  adviser  on  sanitary  questions 
and  prevention  of  disease  in  regiments  ;  and  with  a  firmness  and 
conviction  in  the  knowledge  his  training  and  experience  have  given 
him,  he  must  insist  in  no  ambiguous  way  upon  his  views  being  carried 
out,  and  be  prepared  to  put  his  ideas  into  action.  The  whole  army 
should  fully  recognise  that  the  primary  function  of  the  military 
medical  service  in  peace  and  war  is  not  to  treat  disease,  but  to  take 
steps  that  there  be  as  little  disease  as  possible  to  encumber  the  Army. 

Inspection  of  camp  by  medical  officer  before  arrival  of  unit  — In 

marching  with  a  regiment  over  unknown  ground,  except  when  actually 
in  the  enemy's  country,  the  medical  officer  accompanied  by  a  British 
officer,  goes  forward  during  the  last  few  miles  of  the  day's  march, 
arriving  about  half  an  hour  or  so  before  the  regiment,  and  inspects 
the  camp,  water-supply,  food -supplies,  fixes  sites  for  latrines  for 
deposit  of  refuse,  for  the  kitchens  and  the  standings  of  transport 
animals. 

Inspection  of  camp  sites  when  marching  in  Brigade  or  Division  — 

When  actually  in  a  hostile  country,  and  a  party  of  pioneers  or 
sanitary  police  cannot  be  sent  on  in  advance  for  these  duties,  the  regi- 
ment should  be  halted  a  mile  or  less  from  the  proposed  camp  site  or 
bivouac,  and  an  advance  party  sent  under  a  guard  to  dig  temporary 
trenches  and  post  sentries  over  water-supplies,  and  the  reo-imental 
medical  officer  should  always  be  present  to  superintend  these  opera- 
tions.   1  his  can  usually'  be  done.    With  each  regiment  on  the  march 
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there  is  always  a  medical  subordinate  (assistant  surgeon  with  European 
troops  and  sub-assistant  surgeon  with  Native  troops),  who  can  attend  to 
such  cases  as  fainting,  heat-syncope,  diarrlioea,  etc.,  during  the  tempor- 
ary absence  ol  the  medical  officer  from  the  regiment.  When  marching 
in  Brigades  or  Divisions  the  orders  are  :— "  In  tlie  event  of  a  lone 
halt  being  contemplated  during  the  march,  a  staff  officer,  accora- 
pHiiied  by  some  mounted  men,  including  mounted  police,  should 
always  be  sent  on  in  advance  of  the  column  by  the  officer  commanding 
to  make  arrangements.  He  selects,  in  conjunction  with  a  medical 
officer,  halting  grounds  in  the  neighbourhood  of  good  water,  taking 
adequate  measures  to  protect  the  water-supply  till  the  main  body 
arrives 

Sanitary  and  other  arrangements  of  camp  to  be  made  known  to 
men  daily.— After  a  march  and  before  the  troops  are  dismissed,  water 
ami  fuel  pickets  are  to  be  detailed  when  necessary.  The  places  of 
water-supply  for  drinking  and  cooking,  bathing  and  washing  of  clothes, 
watering  of  animals,  the  bazar,  position  of  kitchens,  latrines,  refuse 
pits,  and  boundaries  of  unit's  area,  and  of  the  district,  are  to  be  made 
known  to  the  men. 

Temporary  latrine-trenches  may  be  necessary.— Pending  the 
construction  of  tlie  necessary  latrines,  urinals,  aiKhvfu.^e  pits,  temporary 
trenches  must  be  at  once  prepared  to  prevent  soil  pollution.  The  con- 
struction of  such  latrines  is,  whenever  possible,  to  be  avoided  ;  the 
latrine- trenches  should,  wherever  practicable,  be  ready  for  use  when  the 
unit  arrives  in  camp.* 

Personally  one  has  invariably  drawn  up  a  brief  set  of  sanitary  rules 
to  be  observed  by  all  ranks  on  the  line  of  march,  these  being  published 
in  regimental  orders  for  general  observance.  In  the  case  of  recurrent 
breaches  of  sanitary  orders  the  special  orders  broken  are  re-published 
On  all  such  occasions  one  has  invariably  obtained  all  possible  assistance 
from  commanding  officers  in  carrying  out  hyg:enic  measures  calculated 
to  maintain  the  health  of  their  men. 

Over-fatigue— meaning  of. -Both  during  peace  and  in  the  field, 
but  especially  in  the  latter,  over-fatigue  should  be  avoided.  It  is  only 
under  critical  circumstances  that  men  should  be  required  to  make  every 
possible  physical  effort  to  achieve  a  particular  object.  It  occasionally 
does  happen  that  such  an  effort  must  imperatively  be  made,  but  this  is 
usually  when  the  men  are  themselves  more  than  eager  to  accomplish 
it.  By  over-fatigue  we  mean  a  condition  in  which  the  vital,  pliysiolo- 
gical,  and  physical  processes  have  temporarily  been  subjected  to  some 
strain,  they  have  been  called  upon  to  use  up  their  reserve  of  energy, 
and  require  rest  for  their  restoration — there  is,  in  general  terms, 
a  temporary  exhaustion  of  natural  forces.  In  this  condition  men  are 
very  prone  to  chill,  because  the  normal  state  of  the  circulatory  system 
which  protects  against  chills,  cannot  be  called  into  play  ;  the  system  is 

•  Oamp  Sanitation  is  dealt  with  iu  a  special  section  luter  oa. 
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then  very  susceptible  to  the  ravages  of  disease-germs,  because  the  natural 
resistance  of  the  various  cells  which  act  as  barriers  to  such  germs  is 
much  lessened,  if  not  quite  suspended  ;  all  the  physiological  processes- 
heart's  action,  respiration,  digestion,  etc.— are  conducted  sluggishly. 
Hence  eating  a  full  meal  in  this  state  is  liable  to  be  followed  by  acute 
indigestion,  colic,  diarrhcea,  etc.,  because  the  cells  of  the  stomach  and 
small  bowels  which  secrete  the  digestive  juices  are  for  the  time  being 
unequal  to  their  normal  task. 

Eecently  it  has  been  advanced  as  a  scientific  fact  that  the  quickened 
pulse  and  respiration  tliat  occur  in  fatigue  are  due  to  the  eflfects  of 
definite  toxins  produced  by  the  muscles  during  exertion.  In  response 
to  these  toxins  fatigue  antitoxins  are  created.  Without  knowing  it,  the 
athlete  when  heginning  to  train  commences  with  gentle  exercise  during 
which  small  quantities  of  antibodies  are  developed  against  the  toxins 
created  ;  he  is  thus  unconsciously  inoculating  himself  with  toxins  and 
counteracting  their  eflfects  with  antitoxins.  He  slowly  increases  his  dose 
of  fatigue  at  the  same  time  greatly  increasing  his  capacity  to  make 
fatigue  antibodies,  and  so  after  a  week's  training  he  is  able  to 
neutralise  doses  of  fatigue  toxins  that  would  in  the  untrained  cause 
great  prostration.  This  simple  explanation  as  to  the  nature  of  fatigue 
still  requires  confirmation. 

Conserve  the  energies  of  the  troops  in  service.— It  is  the  duty 
of  every  commander,  from  the  highest  to  the  lowest,  to  spare  the  troops 
under  him  all  fatigue  that  can  be  avoided.  He  will  do  all  in  his 
power  to  prevent  unnecessary  expenditure  of  physical  strength  which 
invariably  means  loss  of  power.* 

Necessity  for  and  effects  of  sleep.— The  most  perfect  rest  the 
soldier  on  field  service  can  get  is  a  sufficiency  of  sound  sleep.  During 
sleep  less  blood  goes  to  the  brain  and  the  functions  of  life  or  vital  action 
are  carried  on  uninteruptedly.  Sleep  comes  naturally  to  the  tired 
body  and  mind  ;  it  is  not  necessary  to  search  after  it.  By  sleep  we 
ought  to  be  completely  refreshed,  and  on  waking  in  the  morning  feel 
equal  to,  and  eager  for  the  day's  work  before  us.  "  Men  must  get  as 
much  rest  as  possible.  If  an  early  start  is  contemplated,  no  man 
should  stir  until  ordered  to  move  out.  Preliminary  arrangements  for 
breakfast  should  be  seen  to  overnight."! 

Sanitation  of  units  to  be  thorough  and  regular.  -  It  is  most  essen- 
tial that  the  sanitation  of  camps  of  units  be  carried  out  thoroughly  each 
day,  especially  when  Brigades  and  Divisions  are  passing  along  the  same 
route  to  manteuvres  or  to  the  front  in  succession.  Otherwise  the 
camping  grounds  may  become  centres  for  the  spread  of  disease  in  the 
Army  from  the  beginning  of  a  campaign.  The  special  points  demand- 
ing attention  are  the  prevention  of  pollution  of  all  water-supplies 
scavengering  of  the  surface  of  camps  and  their  immediate  surrouadings', 

*  Combined  Traininff,  1905,  p.  24, 
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the  bui-mng  of  all  dry  refuse,  and  strict  attention  to  the  condition  of  the 
night-soil  trenches.    The   encampment   of  the  transport   corps  and 
transport  animals  generally,  whether  they  be  mules,  camels,  bullock's 
donkeys  or  elephants,  needs  special  watching,  as  they  are  often  most 
Pari  n}'  '  '^^^""'^^^  consideration  of  Camp  Sanitation,  vide 

Cleaning  of  camp  sites  before  quitting.-The  rule  that  obtains  on 
the  march  in  India  should  be  rigidly  observed  on  lield  service  All 
e^mp  sites,  and  for  120  yards  around  them,  should  be  thoroughly 
cleaned  up  under  the  supervision  of  a  British  officer  after  the  legi- 
ment  quits  it.  This  cleaning  is  necessary  as  the  camp  will  be  requiied 
for  other  troops  advancing  to  the  front  and  possibly  also  on  the 
return  march. 

Sanitary  responsibilities  of  commanding  officers— All  command- 
ing officers  of  units  should  be  definitely  informed  as  to  their  sanitary 
responsibilities  m  connection  with  their  own  regiments.  This  is  to  a 
certain  extent  now  laid  down  in  Regulations.  * 

Distribution  of  sanitary  work  in  units. -The  commanding 
officer  should  define  the  limits  of  the  regimental  camp  for  the  sanitation 
of  which  each  of  his  officers  is  responsible.* 

Position  of  supply  and  other  depots.— When  marching  or  camp- 
ing in  Brigades  or  Divisions,  officers  commanding  units  are  to  be 
informed  of  any  localities  or  depots  outside  his  own  area  on  which 
he  may  draw  for  water,  fuel,  straw  and  other  supplies.  In  each  district 
a  place  for  a  market  will,  if  necessary,  be  selected,  and  a  tariff  of 
prices  arranged.  All  persons  coming  into  the  district  to  sell  articles 
of  any  kind  must  be  confined  to  this  place.f 

Period  of  inertia— Periods  of  inertia,  which  may  last  days  or 
weeks,  are  the  times  when  men  feel  the  hardships  of  field  service  most, 
and  it  is  at  this  time  that  officers  can  do  much  to  relieve  the  monotony 
by  organising  games,  athletic  competitions,  mimic  warfare,  deAasiug 
interesting  camp  defence  work,  etc.,  to  keep  the  men  employed. 

The  main  diseases  to  be  on  guard  against  on  the  march  are 
enteric  fever,  which  arises  from  contaminated  water  and  milk,  soil 
infection,  fly  infection  and  infection  through  "carriers";  dysentery  and 
diarrhoea  from  specifically  contaminated  water  and  soil ;  food  infection 
from  flies,  etc.,  but  greatly  predisposed  to  by  defective  food  and  imper- 
fect cooking,  abdominal  chills  ;  attacks  of  malarial  fever  from  chill  in  men 
already  infected  with  malarial  parasites,  attacks  of  catarrh,  bronchitis 
and  pneumonia,  all  specially  predisposed  to  by  chill,  remaining  in 
wet  and  sweaty  clothes,  especially  in  a  wind  ;  heat-syncope  from  the 
effects  of  the  actinic  rays  of  the  sun  ;  ordinary  attacks  of  fainting  from 

Combined  Training,  1905,  p,  40. 
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temporary  overstrain.  There  is  always  the  possibility  of  cholera 
occurring  from  specifically  contaminated  water,  milk  or  food  in  districts 
where  this  disease  is  prevalent  ;  and  plague  from  infection  in  districts 
where  it  is  either  endemic  or  epidemic. 

In  is  for  the  medical  officer  or  sanitary  officer  to  make  minute 
inquiries  of  the  local  village  or  town  authorities  as  to  whether  there  is 
any  form  of  infectious  disease  in  the  village,  town,  or  neighbourhood  of 
the  proposed  camp  and  advise  as  to  precautionary  measures  necessary. 

C. — Preparation  for  the  Advance  to  the  Frontier. 

Fitness  for  field  service — It  is  presumed  that  every  officer,  non- 
commissioned officer,  and  man  entering  on  a  campaign,  is  thoroughly 
fit  to  undergo  the  hardships,  privations  and  exposure  necessarily  asso- 
ciated with  fighting. 

What  fitness  for  fighting  means.  —Fitness  in  this  respect  signifies 
that  during  times  of  peace  the  physical  and  intellectual  processes  are 
being  constantly  enriched,  the  state  of  health  is  being  maintained  at 
the  highest  possible  standard  in  all  men,  the  powers  of  endurance 
progressively  enhanced,  the  stamina  improved,  the  capacity  to  resist 
disease-causes  rendered  greater,  and  the  actual  fighting  power  of  the 
individual  brought  to  its  highest  pitch  of  perfection. 


Medical  examination  of  all  ranks  as  to  fitness  for  field 
service — Every  officer,  non-commissioned  officer,  man  and  follower 
must,  by  regulation,  be  subjected  to  a  medical  examination  as  to  his 
fitness  for  field  service,  before  being  allowed  to  proceed  to  the  front. 

Medical  examination  of  units.— For  this  inspection  the  men 
should  parade  without  coats,  with  their  neck  and  chests  bare,  their 
shirt  sleeves  rolled  up  to  the  elbows,  without  boots  and  socks,  and 
with  the  trousers  folded  up  to  the  knees.  The  medical  officer  passes 
down  the  front  and  rear  of  one  company  at  a  time,  dismisses  it 
when  finished,  and  passes  on  to  the  next  company.  ^ 

In  carrying  out  this  medical  inspection  of  a  regiment  the  medica 
history  sheets,  arranged  in  companies,  troops,  or  batteries,  should 
accompany  the  medical  officer,  so  that  in  all  doubtful  cases  he  may 
be  able  to  refer  to  them  at  once.  This  in.spection  should  not  be  hurried 
A  note-book  should  be  used,  and  all  men  about  whose  fitness  the 
medical  officer  IS  doubtful  should  be  fallen  out  and  grouped  together, 
for  more  detailed  examination  subsequently.  o  > 

Chief  conditions  calling  for  rejection.— Amongst  the  diseases 
and  conditions  to  which  the  inspecting  medical  officer  should  direct 
special  attention  are— presence  or  absence  of  fever,  the  hand  beino- 
applied  to  the  exposed  chest  of  all  men  ;  indications  of  malarial 

Znfr'.T  T"""^'  ^"^^'^^  '1'^"""  '  syphilitic  rashes  ;  skin  eruptions 
generally;  the  presence  of  emaciation;  the  condition  of  the  eyes, 
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which  is  significant  to  the  medical  officer  in  many  maladies  ;  and  the 
state  of  the  gums,  mouth,  and  teeth  should  receive  particular  attention. 

Malarialinfection.— Regarding  malarial  infection,  the  medical 
officer  knows  that  every  man  who  has  sufifered  from  recent  malarial 
infection  is  an  abiding  source  of  danger  to  his  comrades  in  the  presence 
of  malaria-bearing  anophelines.  It  may  be  possible  to  eradicate  the 
infection  before  reaching  the  base  of  operations— i  t  will  be  a  matter 
of  personal  judgment  on  the  part  of  the  medical  officer  whether  such 
a  man  be  allowed  to  go  or  not.  He  will,  however,  not  forget  that  men 
are  eager  for  field  service,  and  that  they  will  dissemble  even  with  an 
acute  disease  on  tiiem  on  this  occasion.  During  such  inspections 
one  has  eliminated  cases  of  malarial  fever  with  anaemia  and  enlarged 
spleen,  secondary  syphilitic  eruptions,  and  even  tuberculosis  of  the 
lungs. 

Exclusion  of  venereal  cases.— No  man  with  any  existing  mani- 
festations of  venereal  disease  should  accompany  the  force  Into  the 
field,  and  with  all  European,  and  most  Native  troops,  especially 
unmarried  Gurkhas  and  Punjabis-,  a  venereal  inspection  is  necessary. 
(Opportunities  for  acquiring  such  disease  on  the  march  to  the  front 
are  limited,  but  not  absent,  especially  on  our  North-East  Frontier, 
in  Burma,  and  some  places  on  the  i?ritish  side  of  the  North- West 
Frontier.  \A  here  their  acquisition  is  possible,  the  preventive  measures 
are  essentially  disciplinary,  and  rest  with  commanding  officers  of 
regiments — he  will  "  place  out  of  bounds"  all  localities  in  which  venereal 
disease  may  be  acquired.  Amongst  European  troops  in  particular  a 
rigid  venereal  inspection  is  an  imperative  necessity.  On  several  of 
our  Frontier  campaigns  venereal  disease  has  appeared  where  oppor- 
tunities for  contagion  en  route  could  legitimately  be  excluded.  In 
these  it  was  either  present  when  they  left  their  stations,  or  developed 
soon  afterwards. 

Preliminary  medical    examination  of  units  recommended.— 

When  possible,  a  fortnight  before  the  final  medical  inspection,  it  is 
advisable  for  the  regimental  medical  officer  to  make  a  preliminary 
examination  of  all  men  and  followers.  This  early  inspection  should 
embrace  a  thorough  examination  of  the  feet  for  abrasions,  shoe-bites, 
corns,  in-grown  toe  nails,  etc.,  to  get  these  cured  before  the  march  to  the 
front  begins.  He  should  give  instructions  regarding  the  way  to  keep 
the  feet  hard,  and  how  to  keep  the  boots  sufficiently  supple  to  prevent 
injurious  friction.  Shoe  blisters  are  easily  remedied  by  passing  a 
threaded  needle  through  them,  and  keeping  the  thread  in  12  hours  or 
so.  For  the  first  week  after  the  beginning  of  the  march  to  the  front, 
it  is  advisable  to  hold  a  daily  foot  inspection,  and  to  treat  all  cases  not 
likely  to  be  well  in  a  day  or  so. 

The  medical  officer  should  assure  himself  that  the  men  are  provided 
with  all  the  articles  of  field  kit  laid  down  in  the  Regulations  or 
sanctioned  for  the  special  campaign  to  be  entered  on.    He  is,  of  course, 
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not  responsible  that  they  are  so  provided,  but  it  will  save  him  much 
labour  later  on,  if  he  finds,  for  instance,  that  the  cholera  belt  has  been 
omitted.  He  will  ascertain  that  they  all  have  water-bottles  capable  of 
containing  at  least  1|  pints — a  quart  would  be  better — and  order  the 
water-bottles  to  be  scalded  with  boiling  water  twice  a  week.  When  on 
the  march,  he  should  every  now  and  then  feel  some  of  the  water-bottles 
to  see  whether  they  are  full — some  men  will  avoid,  when  possible,  carry- 
ing two  pounds  extra  weight.  He  should  specially  inquire  as  to  how 
many  shirts,  pairs  of  socks  and  boots  the  men  have.'  He  should  insist 
on  the  men  wearing  their  cholera  belts  at  night. 

Medical  inspection  of  followers. — Medical  officers  should  exercise 
special  care  in  the  iuspection  of  all  classes  of  both  public  and  private 
followers  for  field  service,  particularly  as  regards  their  physique  and 
the  existence  of  malarial  fever  or  its  effects.  Men  of  comparatively 
advanced  years  should  invariably  be  rejected.  Followers  not  having 
had  the  physical  training  of  the  soldier,  are  far  more  liable  to  break 
down  under  the  hardships  and  physical  strain  of  a  campaign.  Those 
not  really  fit  break  down  readily,  and  most  of  them  being  by  nature 
helpless,  resourceless,  and  improvident,  become  early  victims  to  disease, 
and  a  great  incumbrance  to  the  Army.  In  bis  inspection  the  medical 
officer  should  bear  in  mind  the  nature  of  the  climate,  and  the  possible 
extremes  of  temperature  that  may  occur  during  a  prolonged  campaign. 
Apart  from  the  question  of  expense  entailed  in  selecting  unsuitable 
followers,  they  drain  the  hospitals  and  strain  the  resources  of  our 
ambulance  transport.  It  is  also  necessary  to  see  that  all  public 
followers  are  provided  with  the  regulation  scale  of  clotliing  and  blankets. 
In  laying  down  this  scale,  the  time  of  the  year  and  the  climate 
to  be  endured  should  be  considered  by  those  authorising  their  issue. 
Untold  hardships  have  been  witnessed  by  inattention  to,  or  want 
of,  forethought  regarding  this  simple  duty. 

Issue  of  first  field  dressing.— Medical  officers  of  corps  will  see 

that  combatants  of  all  ranks  are  provided  with  a  first  field  dressincr 

before  entering  on  a  campaign  and  warn  all  ranks  of  the  importance  oi 

keeping  it  scrupulously  clean  and  safe.    This  applies  to  every  combatant 

of  all  branches  entering  the  field -the  timely  application  of  a  first  field 

dressing  frequently  saves  a  man's  life.    The  first  field  dressing  of  the 

present  day  is  the  best  that  can  be  given  the  soldier-it  behoves  him 

to  make  the  best  use  of  it.    Applied  to  a  wound  in  the  absence  of 

expert  aid,  it  affords  the  best  possible  chance  of  that  wound  doing  well 

ot  the  patient  recovering  and  returning  to  fight  again  at  the  earliest 
possible  date.  o        o  o 

•  Instruction  in  first  aid  to  the  wounded.-The  medical  officer 

R  f  rT'"''"xr^^^'^^'g"'''^*^'°"^  in  regard  to  the  teaching  of  all 
British  officers,  Native  officers,  non-commissioned  officers  the  use  of  the 
first  field  dressing.  The  more  important  parts  of  this  trainino-  are  the 
IZn"!!^^  f*"  of  stopping  htemorrhage  from  wounds,  and  tlie  main- 

tenance of  cleanliness  in  wounds.    The  bullet  wound  of  modern  small 
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arms  is  a.septio  ;  it  is  for  the  wounded  soldier  and  those  attending  him  to 
keep  it  so.  The  less  wounds  (and  injuries  of  all  kinds)  are 'liandled. 
except  to  remove  visible  impurities  such  as  pieces  of  cloth,  washing  off 
of  gross  visible  dirt  by  an  antiseptic  solution  or  sterilised  water,  the 
better  chance  tlie  wound  and  patient  have. 

Stretcher  drill. — He  will  also  have  eight  men  per  company  and  all 
the  band  trained  in  stretcher  drill,  and  in  the  carrying  of  sick  and 
wounded.  The  medical  officer  as  part  of  his  duties  in  peace  times 
directs  and  sii[)ervis:p-,  the  stretcher  and  ambulance  drill  laid  down  in 
Regulations. 

Vaccination  inspection.— Every  man  should  be  protected  from 
small-pox  by  vaccination  or  re- vaccination.  In  tlie  Indian  Army  this 
is  to  a  large  extent  assured  by  the  annual  vaccination  inspection  ;  but 
there  are  always,  especially  amongst  followers,  a  certain  number  who 
escape  or  evi?de  this  protection.  To  the  timely  circular  issued  in 
August  1905  in  the  Northern  Command,  with  regard  to  the  vaccination 
of  all  unprotected  men  taking  part  in  the  Rawalpindi  manoeuvres  in 
December  190.5,  vvas  due  our  escape  from  what  miglit  have  been  a 
widespread  epidemic  of  that  terrible  malady.  On  that  occasion  the 
disease  was  actually  brought  into  Rawalpindi  by  a  certain  number  of 
transport  and  other  followers. 

Medical  and  scientific  literature  of  seat  of  campaign  to  be  read 
by  all  medical  officers. — Principal  medical  officers,  senior  medical 
officers,  sanitary  officers  and  all  medical  officers  of  units,  should 
endeavour  to  familiarise  themselves  with  all  available  knowledge  regard- 
ing the  nature  of  the  country,  and  all  conditions  in  any  way  liable 
to  effect  the  health  of  the  force  ;  its  meteorology — temperature,  its  mean 
diurnal  variation,  its  extremes,  humidity,  rainfall ;  its  geology,  especially 
as  regards  its  effects  on  camping  grounds  and  the  various  sources  of 
water-supply;  the  water-supply  itself — quality,  quantity,  necessity  for 
purification  ;  resources  as  regards  fresh  animal  and  vegetable  foods  and 
milk;  the  special  diseases  of  the  country  ;  and  the  medical  histories  of 
former  campaigns  in  that  region  if  there  have  been  any — sliould  be  care- 
fully gone  into.  Tliere  are  now  comparatively  few  parts  of  our  Indian 
Frontier  regarding  which  information  on  the  above  points  may  not  be 
acquired  from  previous  records  or  works  of  travel,  and  exceedingly 
few  regarding  which  no  knowledge  is  to  be  had. 

Selection  of  season  of  year  for  expeditions. — As  far  as  practicable 
the  best  time  of  the  year  will  naturally  be  chosen  for  campaigns; 
but  military  exigencies  do  not  always  permit  of  this,  and  in  a  long 
campaign,  such  as  the  Third  Burma  War  (1885—87)  almost  every 
variety  of  weather  has  to  be  endured.  One  can  recall  occasions  in 
Hurma  in  1887,  when  in  .May  and  June,  we  had  to  make  various  short 
usually  lasting  14  to  16  hours,  when  the  temperature  in  the 
pounghi  kyo^ings  we  occupied  was  120°F.    In  Thibet  there  was  the 
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other  extreme  of  many  degrees  below  zero,  plus  the  effects  of  rarified 
air  at  heights  varying  from  12,000  to  16,000  feet.  In  a  short  expedi- 
tion up  the  Khanki  Vallt-y  to  the  Lozakka  Pass  to  recover  rifles  and 
fines,  early  in  December  (before  Karuppa  was  evacuated),  we  had  14 
degrees  of  frost  for  the  two  consecutive  nights,  in  which  we  bivouacked. 
We  have  still  fresh  in  our  memories  the  march  of  the  35th  Sikhs 
to  the  relief  of  Malakand  from  Nowshera,  with  its  dreadful  roll  of  cases 
of  heat  apoplexy. 

Move  to  front  by  rail,  river,  sea  or  marching.— The  move  lo  the 
front  will  usually  be  partly  by  rail  and  partly  by  marches.  It  may, 
however,  as  in  the  Mishmi  and  Bhotan  Expeditions,  be  by  rail,  river 
and  marches,  or  as  in  the  Third  Burma  War  (1886-77)  by  rail,  sea, 
river  and  marches. 


PART  II. 


GENERAL  HYGIENE. 
WATER-SUPPLY. 

A. — SouKCEs  OF  Water. 

Importance  of  the  quality  of  drinking  water. — The  quality  of 
the  water  drunk  by  the  soldier  in  cantonments,  on  the  march,  on 
manoeuvres  and  in  the  field  is  one  of  the  chief  determining  factors  in 
regard  to  the  state  of  his  health.  The  introduction  of  public  water- 
works into  all  our  large  stations  has  greatly  contributed  to  the 
improvement  that  has  occurred  in  the  health  of  troops  during  peace 
times.  There  is  abundant  evidence  to  show  that  the  invariable  con- 
sumption of  boiled  sterilised  water  by  the  Japanese  throughout  their 
Manchurian  Campaign  was  the  main  reason  of  their  comparative 
exemption  from  diseases  caused  by  unwholesome  and  impure  water. 
Such  diseases  form  a  large  proportion  of  the  preventable  maladies  of 
the  soldier  on  field  service.  To  enable  us  to  properly  understand  the 
various  ways  in  which  an  impure  contaminated  water  may  affect  the 
health  of  troops  in  the  field,  and  the  measures  usually  adopted  to 
purify  all  water  issued  to  them,  it  would  be  profitable  to  consider  the 
sources  of  supply,  the  quality  of  the  water  from  these  sources,  and  the 
various  ways  they  are  polluted,  the  different  methods  of  purifying 
water  for  the  use  of  troops  in  cantonments,  on  the  march,  in  standing 
camps  and  on  field  service,  and  lastly  the  general  methods  employed 
in  examining  water  as  to  its  purity  or  otherwise. 

Use  of  unauthorised  water  to  be  strictly  interdicted.— While 
referring  to  water  here,  one  would  repeat  that  all  soldiers,  both  in  peace 
and  on  field  service,  should  be  strictly  forbidden  to  drink  unauthorised 
water.  In  our  future  campaigns  all  water  not  directly  from  reliable 
springs  will  probably  be  boiled,  or  filtered,  or  both— that  is,  sterilised. 
On  field  service  only  siich  sterilised  water  should  be  consumed. 
Whenever  authorised  water  is  available  the  water-bottle  should  be  filled. 
This  boiled  or  sterilised  water  must,  however,  be  kept  sterile.  Sterilised 
water  in  dirty  water-bottles  soon  breeds  germs.  The  water-bottle 
must  always  be  kept  clean,  by  scalding  with  boiling  water  two  or  three 
times  a  week.  One  has  repeatedly,  in  examining  water-bottles,  found  the 
angles  and  joints  in  a  very  dirty  state.  The  present  water-bottle  in 
use  in  India  cannot  be  thoroughly  cleaned  and  inspected.  Reference  is 
made  to  this  later  on  in  the  section  on  Eqxd-pment  of  the  Soldier, 
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Soldier  to  be  trained  to  control  his  thirst.— Soldiers  should  be 
methodically  trained  to  keep  under  control  the  desire  to  imbibe  large 
quantities  of  water  or  other  liquids  when  they  feel  thirsty  ;  they  should 
be  disciplined  to  this  during  mancBUvres,  on  field  days  and  route 
marches.  Such  restriction  is  very  necessary,  and  particularly  so  in 
the  young  soldier,  in  whom  the  habit  of  deluging  himself  with  liquid 
is  easily  acquired,  but  it  is  in  him  also  easy  to  prevent  before  such  a 
habit  is  developed.  Where  soldiers  are  thus  trained,  they  resist  the 
yearning  to  drink  the  first  water  they  come  across  on  field  service. 
From  the  beginning  of  his  military  career  then,  the  soldier  should  train 
himself  not  to  give  way  to  thirst.  The  drinking  of  large  quantities  of 
fluid  is  mainly  habit.  To  yield  to  the  inclination  to  completely 
assuage  thirst  grows — it  can  be  kept  in  check.  Ability  to  control 
thirst  is  one  of  the  tests  of  endurance,  therefore  the  sensation  of  thirst 
should  be  kept  thoroughly  in  check.  Frequently,  simply  rinsing  out 
the  mouth  and  back  of  the  throat  with  water  will  remove  the  desire  to 
drink.  One  cannot  condemn  with  sufficient  emphasis  the  attitude 
that  officers  used  to  adopt  a  few  years  back,  to  the  effect  that  it  is 
useless  to  attempt  to  stop  men  drinking  water  anywhere  and  anyhow, 
under  the  conditions  of  field  service.  One  knows  from  experience 
with  many  regiments  that  this  can  be  done.  The  soldier  if  he  is 
taught  how  to  take  care  of  his  health  will  do  so,  and  he  will  certainly 
drink  pure  water  when  it  is  provided  in  sufficient  quantity  in  prefer- 
ence to  water  of  uncertain  quality. 

Water  is  a  compoimd  of  two  gases,  oxygen  and  hydrogen,  united  in  the  pro- 
portion of  1  volume  of  the  former  and  2  volurnes  of  the  latter,  1  atom  of  the  former 
to  2  atoms  of  the  latter,  or  16  parts  by  weight  of  oxygen  and  2  parts  by  weight  of 
hydrogen.  It  can  be  formed  artificially  by  mixing  oxygen  and  hydrogen,  and  apply- 
ing a  light  when  the  two  gases  combine  with  a  loud  explosion.  When  water  at 
the  ordinary  temperature  is  heated  it  expands,  and  at  212'  F.  at  sea  level,  it  boils, 
being  converted  into  steam.  At  the  tops  of  mountains  water  boils  at  a  much  lower 
temperature.  Its  boiling  point  is  raised  when  solid  bodies  are  dissolved  in  it. 
When  cooled,  water  contracts  until  the  temperature  sinks  to  39  2  F.  ;  but  if  cooled 
to  a  still  lower  temperature,  it  begins  to  expand  (thus  forming  a  remarkable  excep- 
tion to  the  general  rule-,  and  it  continues  to  expand  until  the  temperature  sinks  to 
32°  F.  (0' Cent,),  when  it  freezes  or  solidifies  and  is  converted  into  ice.  It  is  thus 
obvious  that  a  given  weight  of  water  will  occupy  the  least  bulk  when  its  tempera- 
ture is  39-2^  ¥.,  and  this  is  termed  the  2}oint  of  maximum  den siti).  Its  specific 
gravity  at  39-2^  F.  is  1  or  unity,  the  specific  gravity  of  solid  and  liquid  bodies  being 
standardised  by.it.  Ice  therefore  floats  in  water.  Water  is  the  greatest  solvent 
kuown.  It  dissolves  all  known  gases  and  the  majority  of  solids,  in  this  being  helped 
by  the  gases  dissolved  in  it.  it  has  a  high  capacity  for  heat,  but  is  a  bad  conductor 
ot  heat.  Water  forms  about  66  or  67  per  cent,  of  the  body-weight  ;  the  blood  contains 
£^5 1^^^'  °*  <^^en  bone  contains  10  per  cent,  of  water.    One  gallon  of  water 

at  60  1 .  weighs  exactly  10  pounds  ;  6-23  gallons  of  water  occupy  1  cubic  foot.  Fure 
water  is  a  colourless,  transparent,  tasteless  and  inodorous  fluid.  ' 

General  sources  of  water.— The  natural  sources  of  water-supply  are  rivers 
streams,  lakes  and  springs,  but  the  general  sources  of  all  fresh  waters  are  the  seas 
anrl  oceans.  Nature  effects  a  distillation  for  us.  From  the  ocean  the  heat  of  the 
sun  effects  a  vaporisation  of  water  into  the  air.  A  vast  quantity  of  water  is  drawn 
up  trom  the  sea  m  thi-  way  in  the  form  of  vapour,  which  mixes  with  the  air.  The 
wind  blows  this  hot  und  moist  air  to  a  cooler  place.  This  results  in  the  formation 
ot  clouds  and  a  fall  of  rain.  Air  at  any  particular  temperature  can  only  hold  a 
certain  quantity  of  water  in  the  form  of  vapour.  In  the  ijivisible  form  water 
iS  conveyed  by  the  air  over  the  land,  re-coudeusation  takes  place,  and  it  i'a 
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S  tKSrthp  0"  ^e^clnng  the  surface 

aLf  Pv  Tn.  •  disposed  oii„VMrious  ways :  a  portion  is  evaporated 

thir  i  f  .  "  ^r''  directionof  theincli  ation  of  the  surface    and  a 

uvon  l\  ltZZV.T'''''''.T       'f-    '''''  ^'^"""'^  that  evapo^lt  s  clepcnds 

3  the  rir.^r^  H  «  '""'m  °*  iH.midity  of  the  air-the  higher  the  tempe  ature 

surf-xce  is  w  Jiu./V''  ^""'m ^^^^  evaporation.  When  the  inclination  of  the 
the  e,mh  •  but  if    l^P  «  permeable,  a  large  part  of  the  rain  sinks  into 

water    lmv«  rw  V.  "  ^l^e  greater  part  of  the  unevaporaced 

Srivi  .  A  r  n  '\^  '"''^"f,-  ^  l"«'«the  portion  that  helps  to  swell  streams 
of  trpp!  A  small  share  of  the  percolated  rain-water  is  absorbed  by  the  roots 
ev^ZlllJlrZ^  vegetatiou  generally,  but  most  of  this  is  subsequently 
water  finl  itf  ^''"J  '"'•^'^  heav.ly,  the  greater  part  of  thi 

Z^P  rv,^,^!    A    ^'7  '^'-ge  nvers,  and  finally  into  the  seas  and  oceans 

once  more,  af  er  subserving  the  great  offices  of  supporting  animal  and  vegetable 
thi  "..     constant  circulation  of  water  is  taking  place  between  the  earth,  air,  and 

Quantity  of  water  required— The  average  quantity  of  water 
required  for  each  person  will  vary  according  to  the  extent  to  which  the 
processes  enumerated  below  are  carried  on.  If  the  sewage  of  a  town  is 
removed  by  underground  pipes,  a  large  quantity  of  water  per  head  of 
the  population  will  be  required  to  keep  the  sewers  well  flushed  and 
clean.  The  quantity  of  water  required  for  different  purposfs  will 
also  vary  in  different  places,  and  amongst  different  classes  of  people. 

The  quantity  of  water  required  for  drinkim/  purposes  is  about  half  an  ounce 
for  eacJi  pound  icenjht  of  the  body.    In  less  general  terms  we  n-.ay  state  that 
an  adult  man  requires  from  75  to    80  ounces   of  water  a  day.    Of 'this  quantity 
about    one-third  is  contained    in  the  so-cniled  solid  food,    lo  prepare  this  solid 
food  and  fit  it  for  consumption    and    assimilation*    water  is    added    so  that 
on  the  whole,  only  about  one-half  of  the  water  is  left  to  be  taken   in  the  liquid 
form.     Owing  to  the  free  action  of  the  skin  (sweating)  in  India  in  the  hot 
weather,  a  larger  quantity  than   that  given  is  required.     Of  the  water  taken 
in  the  food  and  as  drink,  about  50  ounces  is  got  rid  of  by  the  kidneys,  about 
18  ounces  by  the  skin,  as  perspiration,  and  the  remainder  by  the  lungs.    In  the  hot 
weather,  however,  a  great  deal  more  is  given  off  by  the  skin  and  less  by  the  kidneys. 
During  haid  physical  ex.  rcise  or  labour,  we  perspire  a  great  deal  more  and  give  off 
more  watery  vapour  from  the  lungs  than  at  other  times.  The  kidneys,  on  the  other 
hand,  secrete  less  water  under  these  circumstances.  If  the  air  is  dry,  an  increased 
amount  of  water  is  given  off  by  the  skin  and  lungs.    In  these  last  two  cases 
(increased  exercise  and  dryness  of  the  air),  it  is  through  the  heat  lost  by  evaporation 
that  the  body  is  kept  from  becoming  too  warm,  and  the  normal  temperature  is 
maintained. 

In  a  large  cantonment  with  a  good  and  abundant  supply  of  water,  the  follow- 
ing is  the  basis  on  which  the  amount  of  water  per  head  is  calculated  :— 

Gallons. 

For  Cooking          ...  ...  ..  .,.  ...  -7 

Drinking        ...  ...  ...  ...  -3 

Ablution         ...  ...  ...  ...  ...  5-0 

Domestic  uses : 

House  clea^ising  ...  ...  ...  ...  3-0 

Laundry    ...  ...  ...  ...  30 

Baths        ...  ...  ...  ...  ...  40 

Waste            ...  ...  ...  ...  ..  3-0 

Municipal       ...  ...  ...  ...  ...  5  0 

Total  ...  24-0 

*  Ammilotion  is  that  process  in  the  animal  economy  by  which  the  ingredients 
of  the  food  are  converted  into  blood,  and  by  which  the  nutritive  matter  contained 
in  the  blood  is  transfoimed  into  living  parts  of  the  various  organs  and  tissues  of 
the  body. 
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In  the  King's  Regulations,  1908,  section  1037,  the  quantity  laid 
down  is  20  gallons  for  an  adult  and  10  gallons  for  a  child. 

There  are  some  cantonments,  in  which  the  small  quantity  of  water 
provided  gives  rise  to  a  certain  amount  of  hardship.  Deficiency  in 
quantity  leads  to  disease  from  dirt. 

During  camp  life,  roughly  speaking,  each  man  requires  for  drink- 
ing purposes  four  pints  a  day,  for  drinking  and  cooking  four  quarts,  and 
for  drinking,  cooking  and  washing,  from  three  to  four  gallons.  Com- 
bined Training,  p.  45,  says  :  "A  daily  average  of  one  gallon  per  man 
is  suflBcient  for  drinking  and  cooking  purposes.  A  horse,  bullock 
or  mule  drinks  about  1^  gallons  at  a  time.  In  standing  camps,  an 
average  allowance  of  5  gallons  should  be  given  for  a  man  and  10  gallons 
for  a  horse." 

Special  sources  of  water. — As  special  sources  of  water  in  India 
we  have : — 

(1)  Rivers,  streams,  and  springs. 

(2)  Wells,  superficial  and  deep. 

(3)  Tanks,  large  and  small,  natural  (lakes)  and  artificial. 

(4)  Ponds,  ditches,  effluent  from  irrigated  land,  and  mars/?, 

water. 

(5 J  Canals, 

(6)  Public  water-works  with  their  storage  reservoirs,  water-pipes, 
stand-pipes  are  now  constructed  in  many  towns,  and  prac- 
tically all  cantonments  in  India. 

In  general  terms  it  may  be  stated  that  all  of  these  waters  except 
the  last-named  and  springs,  are  more  or  less  impure,  and  that  without 
previous  boihng  and  filtration  are  unfit  for  drinking  purposes.  All  are 
subject  to  various  forms  of  pollution.  It  is  a  safe  rule  to  assume  that 
in  Jndia  all  water  from  natural  sources  is  impure  and  unsafe  to  use 
tor  drinking  purposes  unless  it  is  previously  purified. 

the  c?inwfv  *^°°°f  ^^^^'^^■"'^''^  following  classification  of  waters  shows  roughW 
fit^eTfo;  ,li  nLn '''''^  ''^T''^  '^^-''^  °f  wholesomeness,  palatability,  and  gene 
fitness  for  drinking  and  cooking  pur))oses,  of  water  from  different  sources  :  - 

VTliolesome  ...  / 1-  Spring  water       .„  ...  ..i 

,„,,  ,  12.  Deep  well  water  ..  [  Very  palatable. 

Wholesome  ...     3.  Upland  surface  water  (  Moderately 

Suspicious  ...  J  4-  ^tored  rain-water...  ...            ...J  palatable, 

to.  Surface  water  from  cultivated  land  ... 

ii„„„  I  ^-  '^•i^er  water  to    which  sewage  gains    n  ,  i.  . , 

iJangerous  .,.  J        access.  b        l  palatable. 

[7,  Ghallow  well-water 
Water  of  the  greatest  purity  is  got  from  uncultivated  and  barren  uplands. 
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nrA  f,.!^  M  .  P'f;^'™it.y  to  f  ppremnal  water-supply.  The  banks  of  a  river 
mil  r  I"  g'-^tlie'-ing  together  in  communities,  large  or  small!  hey 

pollute  the  river  water.  If  many  such  towns  or  villages  are  on  the  banks  of  a 
r  ver,  the  water  arriving  at  the  lowest  of  them  will  be  poisoned  to  some  degree 

ted  ,n  towns  ,md  villages,  a  sort  of  artificial  existence  arises,  in  which  the  collec- 
tne  habits  oi  the  community  affect  the  individual,  and  that  in  accordance  with 

H     Tf^     li''^'  f'"'.         ."'^'^  of  ^l^e  «o^l    are  variously  con- 

taminated.   These  three  factors  (air,  soil,  and  water)  are  so  correlated  that  thev 
react  upon  one  another.    An  impure  soil  means  that  all  shallow  wells  sunk  in 
It  will  contain  impure  water.    In  this  country  we  frequently  see  the  people  usins 
tlie  margins  of  rivers  as  a  latrine,  subsequently  washing  themselves  in  its  water 
Were  contamination  from  human  excremeutal  matter  to  be  an  absent  factor  the 
water  ot  most  rivers  would  be  fit  for  use  after  filtration.  Contamination  from  human 
excreta  is  the  worst  form  of  pollution  to  which  any  water-supply  can  be  subjected 
and  this  fact  cannot  be  too  widely  known.    The  excreta  may  contain  the  germs' 
ot  such  diseases  as  enteric  fever,  dysentery,  infective  diarrha?a,  cholera,  etc  The 
possibility  of  such  specific  contamination  of  water-supply  is  a  genuine  danger  to 
all  Armies  in  the  field.  " 

People  wash  clothes  in  rivers.  We  know  that  these  soiled  clothes  contain 
some  of  the  waste  matters  from  the  body,  and  may  have  just  been  worn  by  patients 
suffering  from  infectious  or  contagious  disorders- dysentery,  diarrhoea,  enteric  fever 
or  even  cholera,  for  instance.  It  is  clear  that,  if  the  germs  of  the  disease  are 
washed  into  the  water,  the  inhabitants  lower  down  the  river  using  it  are  liable  to 


Cesspit. 


Level  of 


Fia.  3.— Diagram  showing  contamination  of  river  by  subsoil  water. 

be  affected  by  such  germs.  If  dhobies  wiziSi!  wash  clothes  in  rivers,  they  should 
have  a  part  of  the  river  allotted  to  them,  situated  below  the  halntations  of  the 
people.  The  bodies  of  people  who  have  died  of  cholera,  dysentery,  diarrhoea,  etc., 
are  often  thrown  into  rivers.  Crowds  ot  human  beings  may  be  seen  spitting  into 
river  water  and  subsecjuently  drinking  it.  Cattle,  horses,  elephants,  and  other 
animals,  are  taken  to  the  river  to  be  washed,  their  droppings  and  urine  pollute  the 
water,  as  do  also  the  foul  matters  washed  off  the  surface  ot  their  bodies. 

Injsmall  rivers  and  streamlets  forming  water-supplies  these  practices  are  so 
injurious  to  health  as  to  be  a  matter  of  danger  to  life  itself.  All  the  nullahs  and 
ditches  around  inhabited  places  during  the  dry  seasons  are  used  as  latrines,  the  con- 
sequence being  that  the  first  outburst  of  the  rains  washes  into  the  rivers  the 
accumulated  refuse  of  the  previous  dry  period,  together  with  the  decaying  vege- 
table matter  that  abounds  in  such  places.  \Ve  have  in  more  than  one  town  in  this 
country  seen  natural  water  channels  connected  with  main  drains  emptying  their 
foul  contents  into  rivers,  and  other  towns  in  which  the  drains  have  been  specitilly 
constructed  to  convey  the  drainage  into  rivers. 

During  the  monsoons  rivers  look  muddy.  At  that  period  they  flow  with 
greater  rapidity,  and  stir  up  the  solid  matters  from  the  bottom.  The  rain-water 
conveys  into  the  rivers  a  cousiderable  quantity  of  earth  and  organic  matter.  But 
a  muddy  water  may  not  be  undrinkable.  By  letting  it  stand  for  a  time,  the  mud 
graduaUy  precipitates.  We  can  hurry  the  process  of  this  deposit  in  many  ways, 
as  by  the  addition  of  a  little  alum. 

The  water  of  large  rivers  is,  as  a  rule,  purer  than  that  of  smaller  ones.  In 
large  rivers,  the  poisons  are  in  a  more  dilute  form,  the  How  is  more  rapid,  and  the 
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water  mixes  with  a  greater  quantity  of  air-the  oxygen  of  the  air  acting  a.  a 
purfying  agent. 


/Peep 


Fia.  4.- Diagram  illustrating  some  common  sources  of  water. 

The  smaller  the  stream,  the  more  jealously  should  it  be  watched, 
and  the  more  carefully  should  it  be  protected  from  contamination. 
Drying  up  rivers  and  streams  occasionally  become  the  means  of  the  pro- 
pagation of  disease  from  their  having  been  infected  at  a  higher  level. 

Streams  close  to  their  sources,  passing  through  land  not  cultivated 
and  devoid  of  human  dwellings,  are  good  sources  of  water-supply  ;  but 
streams  and  rivers  passing  through  cultivated  valleys,  with  towns 
and  villages  on  their  bank,  furnish  water  which  must  invariably  be 
regarded  as  suspicious  in  quality,  and,  in  point  of  fact,  such  waters 
are  often  dangerously  polluted. 

Allotment  of  places  for  drinking  water,  bathing,  washing  of 
clothes,  and  watering  of  animals —When  the  supply  is  from  a  river 
or  stream,  the  highest  convenient  point  from  the  camp  should  be 
fixed  for  drini<ing  and  cooking  water,  below  this  a  site  for  watering  of 
transport  animals,  lower  still  one  for  bathing  and  washing  clothes. 


Fig.  5. — Metliod  of  forming  reservoir  for  camp 

Yield  of  a  stream.— The  volume  of  flow  or  discharge  of  a  stream 
of  water  is  usually  expressed  in  units  of  volume  per  unit  of  time.  A 
rough  estimate  of  the  yield  of  a  stream  may  be  measured  as  follows  : — ■ 
Select  12  or  15  yards  of  th  e  stream,  where  the  channel  is  fairly  uniforu^ 
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takes  to  tra  ersay  3u  fee/  hf'"  '  '^ll^'     Y'°^^  ""^  ^"'^  ^^^^  "'^^  it 

Four-fifths  of  this  vm^^^^^  ^""^ 

the  secti  Hnl  ^''^       ^^^'^  ^^^°«^ty,  and  this  multiplied  by 

c  Lai    eef-  nf      f  "  ^Q-i'^'e  feet  will  give  the  yield  per  seJcond 

J^e^tiii^s  (ici^ij^r ^  ^^"^  "^^^  ^^^^^  ^^"^ 

dist.r<!^«?"'^  I7   ^^^""t^^l  ^vill  often  be  necessary  for  some 

distance  above  the  spot  where   the   drinking  water  is  drawn  The 
watej-supply  will  be  marked  by  flags  by  the  advanc  d  part^-J.' 
Ind  iTtv"^  wa  er   fe^z,,  for  watering  of  animals,  r.rZ  for 'was^.t;'' 
a  d  bath, ng      If  the  camp  has  to  be    drained  of  rain  and  it  if 
c  ose  to  a  stream  yielding  the  water-supply  of  the  troops,  the  outle 

batMn/and'w  "'"^  practicable,  be  beloJ  the  sfte  fo 

oatning  and  washing  purposes. 

Casks  sunk  in  the  bed  of  a  stream  afford  convenient  dipping  places 
from  which  to  draw  water.  It  is  worth  mentioning  tha\^cz4  wells 
sunk  near  a  river  frequently  yield  exceedingly  wholesome  water 

,  Springs  and  spring  water.— Springs  may  be  divided  into  luoid 
springs  nnd  vunn  sprmgs ;  the  former  often  occur  in  surface  depressions 
touching  the  subsoil  water,  and  usually  when  the  underground  water 
reaches  Its  lower  levels  such  springs  run  dry.  Being  supplied  by  ground 
water  they  may  be^  very  impure.  "  Main  spHngs  are  generally 
good  as  they  act  a.s  the  main  outlets  of  geological  strata,  but  occasion- 
ally they  are  doubtful  sources  of  supply  and  great  care  is  necessary 
to  investigate  their  immediate  neighbourhood  from  surface  derived 
impurities. 


Level  oFSubsorl 
Water -Rftins." 


lmp.rviou.  Layer."  ' ^^^^MMMEJ^^^"'^ 


KiG.  6.— Intermittent  spring. 

Spring  water  is  as  a  rule  wholesome  though  it  is  occasionally  hard. 
It  is  clear  and  sparkling  from  the  dissolved  carbonic  acid  gas  it  con- 
tains.   That  from  deep  springs  is  the  best  of  all  potable  waters, 
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being  a  naturally  filtered  water.  It  is  only  when  springs  are  superfi- 
cial or  within  reach  of  contamination,  tliat  there  need  be  any  appre- 
hension of  their  use  causing  disease  Fountains  are  imitations  of 
natural  springs  Just  as  water  rushes  up  springs  from  any  artihcial 
fountain  that  is  supplied  through  pipes  from  a  reservoir  at  a  higher 
level,  so  water  naturally  springs  from  any  crevice  or  porous  spot  in  the 
ground  that  is  supplied  through  the  underground  channels  with  rain- 
water which  falls  on  a  higher  level,  no  matter  how  far  distant  that 
higher  gathering  ground  may  be.  A  spWng  of  this  kind  may  be  met 
at^r  near  the  surface  of  the  ground,  or  at  a  considerable  depth;  the 
same  physical  law  is  at  work  here  as  in  the  case  of  artesian  wells.  In 
quality,  the  water  of  springs  is  much  the  same  as  that  of  deep  wells, 
and  it' contains  usually  the  same  kind  of  gases  and  solids.  Spring 
water  usually  contains  a  certain  amount  of  mineral  matter.  This 
mineral  matter  is  obtained  from  the  soil  by  water  permeating  a  soil 


Fig.  7.- Diagram  showing  an  arrangement  I'or  collecting  water  from  a  siting. 

containing  much  carbonic  acid  gas.  This  gas  dissolved  in  the  water 
percolating  with  it  through  the  soil,  dissolves  out  certain  amounts  of 
alkaline  earths  and  metals,  which  appear  in  solution  (as  hicarbonates  of 
lime  and  magnesia  chiefly).  Spring  water  contains  much  carbonic 
acid  and  but  little  oxygen,  the  former  gas  giving  to  such  water  ita 
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fresh,  brisk  taste.  Springs  are  usually  purer  than  other  supplies, 
because  they  are  from  a  deeper  source  in  the  soil  the  water  has  been 
naturally  filtered  ;  they  are  also  farther  from  sources  of  contamination 

Spring  supply  to  be  opened  up  and  fenced  in.- If  the  water- 
supply  IS  Irom  springs  each  spring  should  be  opened  up  and  surrounded 
by  a  low  puddled  clay  wall  to  keep  out  surface  water.  Casks  or  cylinders 
made  of  brushwood  like  gabions  make  good  linings  for  springs.  After 
being  placed,  puddled  clay  may  be  worked  dow  n  between  the  banks  and 
the  casks  or  cylinders.  The  overflow  may  be  received  into  a  succession 
of  casks  or  half  barrels  (which  may  with  advantage  have  their  insides 
charred)  let  into  the  ground  close  together,  the  overflow  from  the  first 
passing  into  the  second  and  so  on,  or  deep  narrow  tanks  with  puddled 
sides  may  be  constructed  to  catch  the  overflow.* 

Well-water.— There  are  three  varieties  of  wells— shalloiv,  deep 
and  artesian. 

Shallow  wells. — Shall  ow  wells  are  those  which  drain  the  under- 
ground water  which  rests  on  the  first  impermeable  stratum  of  the 
subsoil.  Sliallow  wells  may  thus  be  very  superficial,  only  a  few  feet, 
or  40  or  50  feet  or  more  below  the  surface.  As  water  is  drawn  from 
them,  the  area  drained  extends  in  all  directions,  and  the  larger  the 
amount  of  water  drawn,  the  greater  the  area  drained.  The  well  thus 
forms  a  cone  having  its  apex  at  ihe  surface  of  the  well-water,  and  its 
base  on  the  surface  of  the  underground  water.  The  extent  of  area 
thus  drained  varies  with  the  nature  of  tlie  soil.  When  the  soil  is 
gravelly  or  sandy,  the  radius  of  the  area  drained  may  be  as  much  as 
200  times  the  depth  of  the  well  ;  when  it  consists  of  fine  sand,  the 
radius  may  not  be  more  than  10  or  15  times  the  depth  of  the  well. 

.Deep  wells. — A  dee}:)  ivell  is  one  that  is  sunk  through  an  im- 
permeable stratum,  getting  its  supply  from  the  underground  water- 
iDearing  layer  of  ^oil.  Its  depth  may  vary  from  3(1  to  50  feet  from  the 
surface,  but  it  may  be  considerably  deeper,  from  100  to  250  feet  or 
more.  The  underground  stratum  beneath  wliich  the  water  is  found  is 
usually  stiff  clay  or  rock.  Water  from  such  a  source  is,  as  a  rule,  pure 
and  wholesome,  and  free  from  fouling  by  organic  matter. 

The  quality  of  deep  well  water  varies,  therefore,  in  accordance 
with  the  nature  of  the  geological  formations  through  which  tlie  water 
flows  before  reaching  the  well.  Local  experience  is  generally  suffi- 
cient to  indicate  what  the  quality  of  the  water  ought  to  be.  Deep  well- 
water  is  usually  "  harder  "  than  river  water.  The  hardness  is  chiefly 
due  to  lime  salts,  especially  the  carbonate,  held  in  solution  by  excess  of 
carbonic  acid. 

We  cannot  lay  down  a  rule  that  all  shallow  or  surface  wells  contain 
impure,  and  all  deep  wells  pure,  water.    In  exceptional  cases  shallow 

*^ Manual  of  Military  Evqincerivy,  1905.  Such  springs  ats  a  rule  can  ouly  supply 
comparatively  small  communities  and  usually  for  ouly  a  limited  period  of  the  year. 
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wells  may  contain  wholesome  water,  and  deep  wells  polluted  water  ;  but 
the  reverse  is  much  more  likely  to  be  the  case. 

Artesian  wells.— Artesian  wells  are  made  by  boring  into  the  ground  until  a 
layer  of  water  is  come  upon,  which  Inyer  has  in  some  other  place  a  much  higher 
level.  The  water  is  forced  up  and  spouts  out  as  an  artificial  spriug.  Water  from 
such  springs  is  generally  pure  and  wholesome,  but  lies  so  deep  that  it  is  too  costly  to 
bore  for  it.  S'lch  welb  have  not  as  yet,  except  in  a  few  instances,  served  any 
practical  purpose  in  Indian  military  hygiene. 

Pollution  of  shallow  wells.— If  a  shallow  well  has  a  depth  of, 
say,  ■  30  feet,  the  diameter  of  the  base  of  the  cone  drained  may 
be  anything  up  to  200  yards  or  more,  and  any  impurities  contained 
in  the  soil  in  the  supplying  area  will  gradually  reach  the  water.  If, 
for  instance,  a  neighbouring  cesspool  or  a  drain-pipe  empties 
itself  into  this  area,  its  contents  may  reach  the  well ;  if  dead  bodies 
with  disease  germs  are  buried  in  the  line  of  supply,  the  germs  may 
find  their  way  to  the  water,  and  the  same  occurs  with  regard  to  the 
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Fig.  8— Deep  well. 

products  of  all  decaying  organic  matter,  vegetable  or  animal,  within 
this  area. 

In  addition  to  the  foregoing,  pollution  of  shallow  wells  may 
occur  from   privy  pits  of  all  kinds,  manure  heaps,  and  collections 
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Fio.  9. — Diagram  showing  contaminatiou  of  surface  well  by  cesspit. 
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of  refuse  house  waters  in  katclm  excavations  of  the  soil  within  the  area 
drained -these  are  always  dangerous  possible  sources  of  pollution  One 
has  several  times  found  cesspools  in  houses  draining  directly  into  the 
house  well,  and  in  two  such  oases  epidemics  of  cholera  were  started  in 
this  way  1  he  soil  around  the  mouth  of  the  well  may  also  be  contamin- 
ated, and  it  the  well  is  not  protected  above  may  directly  pollute  it. 

Many  superficial  wells  are  always  impure  and  become  more  so 
during  the  dry  weather.  These  are  rendered  less  so  after  the  rains 
when  the  sources  of  pollution  are  diluted.  On  the  other  hand,  heavy 
rams  may  cause  the  ground  water  to  rise  and  reach  sources  of 
pollution  that  were  absent  previously. 

The  inflow  of  surface  drainage  water  is  one  of  the  chief  sources 
of  pollution  of  wells.  This  surface  drainage  is  the  rain,  house-refuse 
liquids,  etc.,  that  reach  the  surface  of  the  ground  and  pass  along  the 
natural  line  of  drainage  without  penetrating  the  soil.  This  surface 
water  in  passing  over  filthy  ground  carries  with  it  many  forms  of 
impurity. 

In  the  case  of  some  superficial  wells  situated  in  the  heart  of 
populous  localities,  the  ground  around  is  so  saturated  with  organic 
impurities  that  any  material  improvement  of  the  quality  of  the  water 
they  yield  is  practically  impossible  ;  the  soil  around  such  a  well  will 
continue  to  add  its  quota  of  polluting  material  so  long  as  the  well 
exists. 

Shallow  wells  in  their  ordinary  state  afiFord  an  excellent  breeding 
place  for  germs.  As  above  remarked  these  wells  are  supplied  by  the 
ground  water,  and  it  is  supposed  by  some  authorities  that  the  height 
of  the  level  of  this  ground  water  has  an  important  bearing  on  the 
prevalence  of  certain  diseases,  especially  typhoid  fever  and  cholera,  at 
certain  seasons.  Serious  contamination  of  shallow  wells  is  seldom 
absent. 

That  a  well  is  popular  as  a  source  of  drinking  water  is  no  guarantee 
as  to  its  purity.  The  water  of  wells  containing  organic  matter 
undergoing  decomposition  frequently  has  a  peculiar  but  not  alto- 
gether unpleasant  taste :  further,  such  a  water  has  a  slightly  sparkling 
appearance,  due  to  the  carbonic  acid  gas  that  is  set  free  by  the  decay- 
ing organic  matter,  thus  giving  the  water  the  specious  characters  of 
a  good  water. 

The  water  of  all  wells  and  springs  is  derived  from  rain.  The  rain- 
water percolates  through  various  surface  soils  until  stopped  by  an 
impermeable  stratum  of  clay  or  a  layer  of  rock.  In  the  impermeable 
strata  the  water  collects,  rendering  them  water-logged  up  to  a  certain 
level,  the  line  of  this  water-logging  corresponding  with  the  lowest 
level  of  the  natural  outlet  through  whicli  the  underground  water  is 
escaping  to  rivers,  streams,  etc.    Beneath  the  soil  we  have  an  extensive 
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subterranean  reservoir,  and  it  is  this  reservoir  that  is  tapped  when  a  deep 
well  is  sunk  through  stifiF  clay  or  rock. 

From  the  foregoing  statenaents  with  regard  to  wells  we  see  that 
the  water  they  yield  may  be  good  or  bad.  If  a  well  is  deep,  the  water 
it  supplies  is  probably  good,  provided  that  the  flow  of  surface  drainage 
and  subsoil  water  into  it  is  prevented.  On  the  other  hand  a  shallow 
well,  as  a  rule,  contains  impure  water. 

On  many  parts  of  our  Frontiers,  and  on  the  march  to  reach  them, 
we  will  have  to  rely  on  wells  for  our  water-supply.  This  general  use 
of  well-water,  together  with  the  fact  that  the  water  of  wells  is,  in  a  large 
number  of  cases  impure  and  unwholesome,  render  a  consideration  of  this 
form  of  water-supply  very  important.  We  have  alluded  to  the  habits 
of  the  people  as  being  instrumental  in  effecting  pollution  of  water- 
sources  generally.  These  habits  act  more  banefully  on  the  limited 
quantity  of  water  contained  in  wells.  The  water  of  some  of  the 
superficial  wells  one  has  analysed  was  really  a  form  of  dilute  sewage. 

Before  sinking  a  deep  well,  engineers  ascertain  the  direction  of  the  flow  of  the 
subsoil  water  so  as  to  carry  out  the  sinking  in  such  a  way  as  to  cut  off,  if  possible, 
the  access  of  the  subsoil  water.  If  any  difficulty  is  experienced  in  ascertaining  the 
direction  of  the  flow  of  the  subsoil  water,  he  is  guided  by  the  general  rule  that  it 
flows  with  the  natural  inclination  of  the  ground. 

A  well  that  has  supplied  water  for  years  without  producing  any  evil  effects 
may  suddenly  become  a  source  of  epidemic  disease.  Especially  is  this  liable  to 
occur  after  a  case  of  cholera  or  enteric  fever  is  imported  into  the  town  or  village, 
and  when  by  accident  some  of  the  excreta  from  a  patient  reach  the  well  in  some 
way,  directly  from  the  mouth  of  the  well  through  specifically  polluted  utensils,  or 
indirectly  through  the  subsoil  water  supplying  the  well.  Unprotected  shallow  wells 
are  a  cause  of  a  large  amount  of  sickness  in  towns  and  villages  not  provided  with  a 
public  water-supply. 

Protection  of  wells.— All  wells  should  be  steined*  down  to  the 
surface  of  the  water,  and  when  this  has  not  been  done  from  the  first, 
they  should  be  protected  by  an  impermeable  lining  for  a  depth  of 
15  feet  from  the  surface  at  least.  All  wells,  especially  shallow  wells, 
would  be  greatly  improved  by  such  steining.  This  steining  should 
consist  of  a  compact  wall  of  stones  or  brick,  covered  with  a  smooth 
lining  of  concrete  or  hydraulic  cement,  so  as  to  prevent  subsoil  water 
above  this  height  finding  its  way  to  the  water  of  the  well.  If  the  sur- 
face water  then  does  sink  below  thin  lining,  it  is  at  least  filtered 
through  15  feet  of  soil  before  entering  the  well.  When  coostruoting 
new  wells,  the  steining  in  shallow  wells  should  reach  to  below  the  level 
of  the  water,  and  in  deep  wells  below  the  first  impermeable  stratum 
which  ensures  a  fair  depth  of  filtration  of  the  water  through  the  soil.  ' 

In  making  the  well,  horizontal  iron  bars,  a  foot  or  so  long,  may  be 
let  into  the  walls  one  above  the  other  from  the  mouth  of  the  well  down  to 
the  water  in  the  form  of  a  ladder  to  facilitate  periodical  cleaning  of  silt 
and  repairs;  incidentally  this  also  provides  means  of  escape  for  any  one 
falling  into  the  well. 


*  Steining  is  the  technical  term  used  by  engineers  for  the  lining  of  wells  with 
some  impermeable  material,  sucli  as  hydrailic  cement,  etc. 


92 


PREVENTION  OF  DISEASE. 


The  bottoms  of  all  wells  should  be  cleared  of  silt  at  the  end  of  the 
hot  weather  yearly;  at  this  time  the  water  is  low  and  the  work  easier 
Ihis  IS  done  annually  in  all  wells  of  our  Indian  camning  crround«" 
and  we  Is  on  the  usual  marching  routes.  At  the  same  time  any  repairs 
to  the  lining  wall  required  should  be  carried  out,  and  the  removal  of 
any  plants  that  have  grown  in  the  wall,  or  roots  that  have  penetrated 
should  be  effected.  The  well  should  not  be  used  for  a  few  days' 
after  this  cleaning,  to  allow  of  subsidence  of  solid  matter  uused  by  the 
inrush  of  water.  Without  seeing  and  smelling  the  material  that  is 
removed  from  the  bottom  of  some  shallow  wells,  it  is  difficult  to  imagine 
that  such  filth  could  be  contained  in  them.  Yet  millions  of  people  are 
daily  drinking  part  of  this  disgusting  material  in  a  dilute  form,  be- 
cause they  do  not  or  cannot  get  their  water  from  a  source  that  is  pro- 
tected from  pollution  due  to  their  unclean  habits  and  to  surface 
drainage. 

Wells  known  to  contain  wholesome  drinking  water  should  be 
carefully  guarded  and  set  apart  as  such;  others  containing  less  pure 
water  should  be  allotted  for  bathing,  washing  of  clothes,  watering  of 
animals  and  roads,  and  for  trade  and  other  purposes.  No  washing  of 
clothes  or  bathing  should  ever  be  permitted  in  the  vicinity  of  drinking 
water  wells.  Condemned  wells  should  be  filled  up  or  permanently 
covered.  When  at  all  accessible  notices  should  be  posted  on  them  to 
the  effect  that  it  is  dangerous  to  drink  the  water. 

Drin  king  water  wells  should  be  as  centrally  situated  as  practicable 
to  be  easy  of  access,  so  that  there  is  no  excuse  for  using  impure  water 
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Fia.  10.— Well,  suitably  protected. 
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of  other  wells  or  sources  nearer  at  hand  ;  they  should  be  remote  from 
latrines.  In  cantonments  shallow  private  wells  if  not  thoroughly  well 
constructed  and  their  method  of  use  constantly  supervised  are  usually 
contaminated  ;  and  if  not  properly  steined  and  protected  they  should 
be  condemned,  disused,  and  filled  up  or  permanently  covered  up  with 
slabs  of  reinforced  concrete,  stone  or  other  locally  available  material. 

As  far  as  practicable  the  water  of  all  wells  should  be  drawn  by 
ptomps.  The  mouth  of  the  well  should  be  covered  to  prevent  dust  and 
light  reaching  the  water,  also  to  prevent  bird  droppings,  leaves  and 
insects  of  all  kinds,  especially  mosquitoes,  gaining  access.  Whenever 
possible,  the  suction  pipe  of  the  pump  should  be  at  one  side  of,  and  not 
immediately  over,  the  well,  the  pipe  attached  to  the  pump  being  arrang- 
ed so  as  to  admit  of  this.  The  employment  of  pumps  would  remove 
the  difficulties  of  drawing  water  in  the  way  it  is  usually  done  in  this 
country  from  wells.  "  The  lift  and  force  pump  is  in  most  general  use 
in  the  service.  It  is  worked  by  two  men.  It  can  lift  water  from  20  to 
28  feet,  and  force  the  water  to  a  height  of  60  feet  from  its  former  level, 
delivering  12  gallons  per  minute."  The  provision  of  pumps  would  pre- 
vent the  introduction  of  private  utensils,  which  are  often  unclean,  and 
sometimes  infected. 

In  the  absence  of  a  proper  complete  cover  and  pump,  such  as  that 
shown  in  the  illustration  (Fig.  10),  a  wooden  cover  might  be  provided 
having  a  door  which  should  only  be  opened  when  water  is  being  drawn. 
This  would  lessen  the  chances  of  pollution  of  the  water  by  the  inhabit- 
ants. Another  improvement  would  be  to  have  the  mouth  of  the  well  as 
small  as  compatible  with  convenience.  When  unprovided  with  a  pump 
a  stone  or  brick  parapet  wall  should  be  constructed  around  the  mouth 
of  the  well  to  a  height  of  two  feet  at  least.  This  prevents  surface  water 
flowing  into  the  well.  The  ground  around  the  base  of  the  parapet 
wall  of  the  well  should  also  be  provided  with  a  sloping  pavement 
(preferably  one  of  concrete)  of  at  least  10  feet  in  width,  the  outer 
edge  ending  in  a  circular  channel  or  drain  (also  imkka)  to  convey 
all  refuse  waste  water  from  the  well  to  a  drain  running  at  right 
angles  and  ending  in  the  public  surface  drain,  or  in  a  cistern  (from 
which  the  water  should  be  periodically  removed),  or  running  to 
some  waste  land  or  nullah.  If  this  precaution  is  not  adopted,  during 
the  dry  weather  fissures  occurring  in  the  surface  soil  around  the  mouth 
of  the  well,  allow  of  water  falling  on  the  surface  to  drain  directly  into  the 
well.  This  pavement  and  drainage  around  the  well  is  necessary 
amongst  other  things  to  prevent  the  formation  of  pools. 

Where  pumps  do  not  exist  and  cannot  be  provided,  and  buckets 
must  be  u-ed,  those  of  iron  or  galvanised  zinc,  attached  to  iron  chains, 
are  preferable.  Dirty  utensils  should  not  be  used  to  draw  water  from 
wells— people  should  be  prohibited  from  using  lotahs,  leather  buckets, 
and  other  utensils  attached  to  dirty   ropes,   as  such  articles  often 
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contain  disease  germs.  The  metal  bucket  and  iron  chain  should  be 
kept  constantly  at  the  well.  The  difficulty  in  connection  with  caste 
prejudice  may  be  overcome  by  having  separate  marked  buckets  for 
different  castes. 

No  trees  should  overhang  wells  as  their  leaves  fall  into  the  water 
and  decay,  while  their  roots  grow  into  the  well  breaking  the  lining  in 
doing  so. 

If  cattle  are  used  for  drawing  water,  they  should  be  made  to  pull 
on  the  level,  and  not  into  sloping  excavated  runs  as  is  usually  done. 
These  latter  during  the  rains  fill  with  water,  and  form  breeding  places 
for  mosquitoes. 

In  officers'  bungalows  where  wells  are  the  source  of  drinking  water 
a  pump  should  also  be  provided,  and  when  this  is  not  possible  the  well 
should  be  converted  into  a  house  well,  with  a  door  provided  with  a  lock 
and  key  to  prevent  all  unauthorised  persons  gaining  access  to  it. 

Wherever  well-water  is  used  for  troops,  the  well  should  be  adequately 
covered,  steined,  all  pollution  from  the  surface  guarded  against,  and 
a  pump  provided.  In  the  case  of  deep  wells  a  force  pump  is  required 
with  connecting  rods  to  the  piston,  and  there  should  always  be  means 
of  repairing  these  should  they  get  out  of  order. 

All  cantonment  well-water  is  polluted  ;  from  both  superficial  and 
deep  wells  the  bacillus  coli  communis,  a  normal  inhabitant  of  the 
bowel,  may  be  cultivated. 

Yield  of  a  well. — In  measuring  the  supply  of  a  well,  we  note  its 
shape,  calculate  the  area  of  its  horizontal  section,  take  its  depth,  mark 
the  line  to  which  the  water  reaches,  pump  it  dry,  and  ascertain  the  time 
it  takes  to  fill  to  the  water  mark  from  the  time  of  stopping  the  pump- 
ing. Wells  are  as  a  rule  rectangular  or  circular.  In  a  rectangular 
well  the  area  is,  of  course,  the  length  multiplied  by  the  breadth  ;  in  a 
circular  well  it  is  the  square  of  the  diameter  multiplied  by  0"7854.  In 
a  circular  well  3  feet  in  diameter  and  12  feet  deep,  if  the  time  it  takes 
to  fill  is  5  hours,  then  3x3  (square  of  diameter)  x  0-7854  =  7-07,  the 
area  of  the  cross-section  of  the  well  in  square  feet;  this  multiplied 
by  l;i  =  85  cubic  feet  nearly,  the  contents  of  the  well.  As  1  cubic 
foot  =  6-24  gallons,  the  contents  of  the  well  are  530  gallons,  which 
quantity  is  yielded  in  5  hours.  Therefore  the  yield  in  24  hours  is 
5:34:  530  :  x  =  2,544  gallons.  The  yield  of  a  well  differs  at  diBferent 
seasons  and  in  different  years. 

Tank  water- — In  exceptional  instances  it  may  be  necessary  to  use 
tank  water  (that  is,  water  from  small  or  large  artificial  ponds)  on 
field  service.  A  large  proportion  of  the  people  of  India  depend  entirely 
on  tank  water  for  drinking  and  other  purposes.  When  these  tanks  were 
originally  constructed,  the  water  was  probably  more  or  less  wholesome; 
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but  the  inhabitants  in  process  of  time  bave  by  their  habits  rendered  it 
of  doubtful  quality.  The  causes  of  pollution  of  tank  water  are  many, 
and  to  a  large  extent  similar  to  those  in  operation  in  rivers.  The  effluent 
of  house  or'village  drains  is  frequently  permitted  to  enter  tanks. 

It  should  be  remembered  that  tank  water  deteriorates  during  the 
hot  weather  as  a  result  of  putrefaction  and  fermentation  of  animal  and 
vegetable  matter,  but  during  the  rains,  its  quality  is  improved  as  its 
impurities  become  less  concentrated.  It  i.s  always  charged  with  animal 
and  vegetable  matter,  and  swarms  with  living  organisms,  especially 
during  the  dry  weather.  It  is  dm-ing  this  part  of  the  year  that  the 
public  health  suffers  so  much  from  its  consumption.  The  water  of 
rapidly  drying  up  tanks  is  usually  very  impure.  Water  of  average  tem- 
perature containing  much  organic  matter  will  always  be  a  potential 
breeding  place  for  disease  germs.  The  water  in  tanks  in  the  dry 
weather  is  a  constantly  decreasing  quantity,  whilst  its  impurities  are 
becoming  progressively  greater.  The  surface  drainage  of  the  ground 
around  the  tank  should  be  prevented  from  flowing  into  it,  unless  such 
drainage  is  the  absolute  means  of  feeding  the  tank.  The  effluent  from 
irrigated  land  should  be  prevented  from  entering  tanks.  This  may  be 
done  by  raising  the  banks  above  the  level  of  the  surrounding  ground. 

The  many  sources  of  coatatnination  to  -wliich  tauks  in  the  viciuity  of  towns  and 
villages  are  subjected,  render  the  water  always  dangerous,  without  previous  sterili- 
sation by  boiling  and  filtration.  The  larger  tanks,  however,  may  contain  purer 
water  than  ordinary  rivers.  We  should  remember  that  a  well  or  tank  water  that 
has  been  infected  to  only  a  very  slight  extent,  if  the  source  of  infection  be  not 
removed,  may  acquire  dangerous  qualities  with  a  little  greater  infection,  or 
under  more  favourable  circumstances.  Such  a  water  is  a  perpetual  menace  to  the 
health  of  the  consumers. 

No  trees  should  be  allowed  to  grow  near  tanks,  for  the  falling 
leaves  are  blown  into,  and  decay  in,  the  tank  water.  All  decayed  and 
decaying  plants  should  be  removed  from  tanks.  Certain  plants  and 
almost  all  fish  are  useful  in  purifying  tank  water  when  they  are  not  in 
excess.  vSuch  plants  act  chemically  on  the  water  by  giving  out  oxygen, 
and  fish  feed  on  the  smaller  animals  contained  in  the  water — crustaceans, 
insects,  and  on  organic  matter.  Whenever  running  water  is  not  available, 
and  often  even  when  it  is,  the  w^ater  for  animals  should  be  drawn  and 
run  into  drinking  troughs  of  canvas  or  wood. 

Irrigation  efluent.— The  effluent  from  irrigated  land,  particularly  that  from 
rice-fields,  is  exceedingly  impure  and  dangerous  to  use  for  drinking  purposes.  In 
some  agricultural  districts  in  India,  such  water  forms  a  principal  source  of  supply. 
The  fields  are  regularly  manured  and  coutain  decaying  vegetable  and  animal 
matter.  The  combination  of  putrefying  animal  and  vegetable  organic  matter  in  such 
water  is  most  pernicious  to  the  well-being  of  those  who  drink  it. 

Jheels  and  marshes.— The  water  of  and  wi«rs^tfs  is  one  of  the  mo.st  un- 
wholesome that  can  be  used.  It  is  decidedly  impure,  containing  an  abundance  of 
decaying  vegetable  matter  (from  10  to  40  grains  per  gallon),  although  it  sometimes 
has  the  oppe  irance  of  being  pure.  Such  water  should  never  be  drunk  without 
boiling  and  filtration. 

Ditches,  pools,  ponds.— The  water  rf  ditclie?,  pools,  and  ponds,  is  likewise 
excessively  impure,  especially  if  they  are  close  to  human  habitations  It  is  usually 
stagnant,  foul,  and  full  of  organic  matter,  including  living  organisms,  animal  and 
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vegetable  Its  coiisuraption  is  always  associated  witli  great  diinger  to  health,  and 
if  its  use  is  unavoidable,  it  should  be  boiled  and  filtered  before  being  issued  for 
drinking  purposes.  Ponds  and  pools  containing  stagnant  water  are  lintde  to  be 
polluted  in  the  same  ways  as  mentioned  regarding  tanks,  including  contaminalion 
from  the  large  number  of  animals  using  them.  Naturally,  the  smaller  volume  of 
the  water,  with  daily  evaporation  from  them,  leads  to  progressively  increasing 
pollution. 

We  should  therefore  for  drinking  purposes  avoid  all  surface  water, 
very  shallow  wells,  unprotected  tank,  nullah  and  pond  water,  and  when- 
ever compelled  to  drink  such  water  it  should  first  be  boiled  and  filtered. 

Conveyance  of  water  to  troops. — The  method  of  transporting 
water  to  troops  is  an  important  matter.  In  the  case  of  supply  from  wells, 
tanks,  streams  and  rivers,  the  usual  method  is  to  carry  the  water  in 
metal  vessels.  Another  method  of  distribution  is  by  means  of  masaklis 
and  leather  paJchals  (bullock  skins  usually  carried  in  pairs  slung  across 
the  back  of  a  bullock,  mule  or  pony).  A  viasakh  is  the  skin  of  a  goat 
sewn  up,  the  neck  forming  the  part  that  is  used  to  fill  and  empty  the 
masakh.  When  containing  water  the  neck  is  encircled  with  a  leather 
thong  or  piece  of  string.  Masalcha  are  often  lined  with  a  layer  of 
slimy  material  laden  with  the  germs  of  disease,  the  common  colon 
bacillus  being  seldom  absent.  Masakks  are  never  cleaned,  and  are  kept 
in  use  until  they  fall  to  pieces  by  wear,  tear,  and  rottenness.  If  the 
water  contains  dysentery,  cholera,  or  typhoid  germs,  these  rapidly 
multiply  in  the  masakks.  Disease  germs  purposely  sown  on  the  outer 
surface  of  masrikhs  have  been  found  to  grow  into  it  through  the 
skin,  the  gelatine  of  the  skin  affording  a  good  medium  for  their 
multiplication.  This  method  of  specific  contamination  of  water  is 
constantly  occurring  through  the  habit  of  bhistis  throwing  the  empty 
or  full  masakks  on  the  ground.  Masakks  should  be  condemned  and 
looked  upon  as  abominations  of  the  past.  The  same  remarks  apply 
to  leather  pakkals.  One  would  here  condemn  their  use  throughout 
this  country.  They  are  not  used  in  the  Army  now,  metal  pakkals 
have  taken  their  place  with  great  advantage  to  the  health  of  the  troops. 
Metal  vessels  should  be  used  for  the  service  of  water  when  possible. 
The  brass  vessels  used  by  all  classes  of  natives,  especially  Hindus, 
probably  help  to  purify  the  water  by  acting  on  disease  micro-organisms, 
and  bright  copper  utensils  are  more  useful  in  this  respect.  Experiments 
have  shown  that  iron  and  copper  prevent  to  some  extent  the  growth  of 
germs  in  water.  The  ordinary  kerosine  oil  tin,  kept  clean  and  bright, 
is  a  useful  and  cheap  utensil  in  which  to  convey  water  for  house 
consumption.  These  remarks  hold  good  regarding  the  carrying  of 
water  for  use  from  wells,  tanks,  and  other  sources. 


B.— Public  Watek-works  for  Cantonments. 

It  oucrht  to  be  a  recognised  principle  of  Indian  military  sanitation, 
that  whenever  a  permanent  supply  of  good  water  is  available,  it  should 
be  provided  for  cantonments.  No  reasonable  labour  or  expense  should 
be  spared  to  get  water  from  a  pure  source.    It  is  only  by  so  doing  that 
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we  can  reduce  the  many  possible  channels  of  water-borne  infective 
disease  reaching  our  troops.  Locked  np  in  water  pipes  it  cannot  be 
got  at.  We  must  remember  that  a  deficiency  of  pure  water  in  a 
community  brings  about  accumulation  of  filth  in  all  its  forms,  with  all 
its  evils. 


The  source  of  supply  for  public  water-works  may  be  from  rivers, 
streams,  deep  wells,  artificial  or  natural  lakes,  artificial  adits,  and  from 
gathering  grounds.  In  the  last  named  case  all  fouling  of  the  catchment 
area  is  to  be  prevented. 

Public  water-supply  from  rivers— When  a  river  is  selected  as  a 
public  water-supply  source,  the  water  should  be  taken  from  the  main 
stream,  and  not  from  any  back  current,  stagnant  or  shallow  part  of  the 
river  near  the  bank.  For  permanent  supplies  on  a  large  scale,  the 
inlet  water  pipe  should  go  well  into  the  water  at  a  distance  from  the 
bank.  It  is  generally  in  connection  with  a  pump  which  raises  the 
water  into  a  tank  or  settling  reservoir.  The  banks  of  the  river  for  some 
miles  above  the  intake  should  be  protected  on  both  sides  for  a  distance 
of  100  yards  by  means  of  wire  fences  to  prevent  access  to  the  water  of 
animals  and  men.  The  whole  of  this  area  should  be  periodically 
inspected  to  see  that  there  is  no  source  of  pollution  in  either  the  main 
stream,  or  its  tributaries  (if  any).  No  villages  should  exist  on  the 
banks  of  the  nver  for  some  distance  above  the  intake.  When 
the  river  is  used  for  watering  animals,  washing  clothes,  and  supplvino- 
drinking  water,  the  latter  should  be  from  above  the  other  two.  and  the 
washing  carried  out  lowest  down. 

nn^  ?il^h'  H  J"''"''  are  usually  large  in  volume,  the  actual  sewage  of  towns  does 
.f-^'^'P*  there  are  few  manufactorirs  on  tbf 

banks  to  pollute  the  water.  In  some  towns,  however  the  snrfiV-P  Hrai^I  ^ 
structed  to  carry  the  suilage  water  (which  fieq^ently  conta^^^^^^^ 

emptied  fSSn^Sg^p^^rprs  t  meLroTl'^L"!?  ^u'^r/''""  "'^''^^  -'^ 
from  its  lowest  points    X  wa  LTs  rj,«^^^  heading 
by  an  iron  outlet  pipe  wh  ch  is  bent  «mv,  1L         ^1°"^  the  impounded  reservoil 
clearestwaterfromtL  rese  voirto  H  Pfi^^^^  ^    '^r,^?  *°  '"'^^  "P  °"Iy  the 

with  pitch  or  som7otherTnti  ^o"'*"  "'^f  '^'^"'f-  .^^e  pipe,  which  should  be  lined 
a  few  feet    It  i^^  r^n^!  ^.'^ti-corros.ve,  is  buried  along  its  course  in  thf  ground  for 

providSatttVowesfpottswreftrL''^  'T'V-'''  for  cleaning.  fEsfre 
vents  are  provided  at  the  sumnt  ,  'fF,  '""^  ""l'"  "'^'lu'atmg  ground,  and  air- 
undesirable  as  the  v  are  exlo^^^^^^  Open  aqueducts  of  stone  or  brick  are  most 
conduits  are  unavoiSp^^iroi^  contam.uatiou  in  various  ways.  When  such  opeu 
their  <^onr.l^r.T.t^:.XT^^^^^^^  P'--ted  througE 
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Artificial  reservoirs  for  public  water-supplies —i?es?ryoi?-  Sites.— \n  choos- 
ing the  site  of  a  reservoir  for  n  public  water-supply  the  engineer  has  three  main 
points  to  consider —the  elevation  of  the  sits,  the  configuration  of  the  surrounding 
country,  and  the  materials  for  the  work,  especially  those  materials  which  -will 
form  the  foundations  of  the  embankment  or  embanltments  by  which  the  water  is 
to  be  retained. 

The  elevation  of  the  site  must  at  once  be  so  high  that  from  the  lowest  water- 
level  there  shall  be  sufficient  fall  for  the  pipes,  conduits,  or  other  channels  by 
which  the  water  is  to  be  discharged,  and  at  the  same  time  so  low  that  there  shall 
be  a  sufficient  gathering  ground  above  the  highest  water-level.  Storage  reservoirs 
are  usually  made  by  impounding  the  water  from  the  gathering  grounds  in  such  a 
position  that  water  is  supplied  by  gravitation. 

In  ainkinw  a  new  reservoir  excavation,  the  whole  area  should  be  cleaned, 
cleared  of  trees,  bushes,  scrub,  stumps  of  trees,  all  filth,  loam,  and  organic  matter 
generally,  and  finally  a  foot  of  soil  dug  up.  The  excavation  should  be  carried  down 
to  a  depth  of  12  to  15  feet.  It  is  preferable  that  the  inner  surface  of  the  bank 
should  not  slope,  but  the  perpendicular.  This  prevents  the  growth  and  decay  of 
aquatic  plants,  and  is  unfavourable  to  the  development  of  auopheliue  larva;. 

The  appendages  of  the  store  reservoirs  are  the  same  as  those  of 
impounded  reservoirs  across  valleys  previously  mentioned- 

Water  sluices  may  be  opened  to  assist  the  waste  weir  in  discharging  an 
excessive  supply  of  water.  Thay  may  either  bs  under  the  control  of  a  man  m 
charge  of  the  reservoir,  or  they  may  be  self-acting. 

The  available  capacity,  or  storage  room  of  a  reservoir,  is  the  volume  contained 
between  the  lowest  working  water-levels,  and  is  less  than  the  total  capacity  by  the 
volume  of  the  space  below  the  lowest  working  water-level,  which  space  is  lett  as 
a  Dlace  for  the  collection  of  sediment,  and  is  either  kept  always  full,  or  only 
empty  when  it  is  absolutely  necessary  to  do  so  for  cleansing  or  repair.  It  is 
imoossible  to  lay  down  a  fixed  rule  as  to  how  much  the  space  so  left,  or  bottom 
as  it  is  called,  should  be,  but  in  some  good  examples  of  artificial  reservoirs,  it 
occupies  about  one-sixth  of  the  greatest  depth  of  the  water  at  the  deepest  part  ot 
the  reservoir. 

The  absolute  storage  room  required  in  a  reservoir  is  regulated  by  two  circum- 
stances-the  demand  for  water,  and  the  extent  to  which  the  supply  fluctuates. 

The  best  rule  for  estimating  the  available  capacity  required  in  a  store  reservoir 
would  probably  be  one  founded  on  taking  into  account  the  supply  as  well  as  the 
lemand  Lar|e  volumes  of  standing  water  in  India,  such  as  those  of  tanks  and 
op^n  ?eservoirl,  lose  about  5  feet  of  water  per  annum  by  evaporation  and  absorption. 

Where  there  is  any  liability  to  intermission  from  the  source  of 
supply,  reservoirs  of  large  capacity  are  indispensable. 

The  reservoir  should  be  fenced  in.  It  should  be  away  from 
villages  and  habitations.  No  building  should  be  allowed  near  it. 
Access  to  the  water  should  be  rendered  impossible.  The  surroundings 
of  the  reservoir  lake  should  be  free  from  all  possible  sources  of  con- 
tamination. The  conduits  leading  to  the  tank  reqmre  periodical 
inspection. 

The  reservoir  is  to  be  regularly  inspected  by  the  cantonment 
Ranitarv  officer  and  engineer  (when  there  are  these  officials)  to  see 
thai  it  is  kept  free  from  all  forms  of  contamination  (the  water  being 
fnflysed  LS  examined  bacteriologically)  and  that  it  is  in  complete 
working  order. 
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Aquatic  vegetation  in  reservoirs. — Some  plants  help  to  purify 
water,  and  of  those  met  with  in  Indian  waters  the  best  are: — Nymphea 
rubra  (species  of  v/ater-lily),  whicli  has  long  india-rubber  like  stems 
and  deep-red  or  blood-coloured  fermers ;  and  Vallisneria  octandra,  the 
water  plant  used  by  sugar  refiners  in  some  factories  in  India  to  cleanse 
their  raw  sugars. 

In  addition  to  the  higher  order  of  plants,  there  are  a  large  number  of  crypto- 
gams or  non-flowering  plants,  such  as  akjce,  duckweeds,  etc.,  which  flourish  in 
water,  and  generally  in  tanks  or  ponds,  where  they  float  about  in  masses,  sometimes 
covering  the  whole  surface  with  a  green  scum.  The  decay  of  such  vegetable 
matter  is  injurious  to  the  quality  of  the  water.  They  afford  cover  and  iood  for 
larvaj  of  mosquitoes  When  clearing  tanks  or  reservoirs  of  weeds,  plantS;  etc.,  the 
vegetation  should  be  entirely  removed  from  the  vicinity  of  the  tank  and  not  allowed 
to  decay  on  the  banks. 


The  growth  of  algaj  and  cryptogams  generally  in  reservoirs,  lakes,  and  tanks, 
ofteu  gives  an  objectionable  smell,  taste,  and  appearance,  to  water.  These  may  be 
prevented  to  some  extent  by  having  the  tank  from  12  to  15  feet  deep  (in  which 
depth  of  water  algse  and  aquatic  vegetatiou  generally  do  not  thrive),  the  banks 
perpendicular  and  not  sloping,  and  the  occasional  use  of  sulphate  of  copper  in  the 
water.  This  latter  may,  in  large  collections,  be  used  by  hanging  the  sulphate  of 
copper  in  bags  over  the  side  of  a  boat  and  rowing  round  the  lake  or  tank  occasion- 
ally. Sulphate  of  copper  is  also  used  in  some  water-supplies  to  prevent  the 
growth  of  typhoid  aud  other  bacteria.  Old  reservoirs  or  lakes  cannot,  of  course, 
be  deepened,  but  the  other  means  suggested  as  well  as  periodical  dredging  of  water 
plants  can  be  carried  out. 


Fish  in  reservoirs.— As  a  rule  fish  are  instrumental  in  purify- 
ing water,  and  for  this  purpose  their  presence  is  often  very  necessary. 
Fish  prevent  the  overgrowth  of  vegetable  matter,  aud  feed  upon  the 
insects  and  crustaceans  aud  the  dead  organic  matter  present  in  the 
water.  The  destruction  of  fish  contained  in  large  volumes  of  water 
has  led  to  increase  in  the  number  of  small  crustaceans  on  which  the 
fish  had  lived,  rendering  the  water  impure  and  nauseous.  In  such 
cases  the  remedy  is  to  re-stock  the  tank  or  reservoir  with  fish.  Of 
fish,  the  be.st  suited  for  stocking  tanks  are  the  kcdla,  rttho  or  rooi, 
mvrcjai,  kalla,  kalaboas,  all  of  the  carp  family  (Gyprinidce),  are  the 
most  desirable.    The  chihva  is  also  useful  in  this  respect. 

Filter  beds.— The  water  from  the  settling,  storage,  or  impounded 
reservoir  is  conveyed  to  the  filter  beds,  usually  in  jointed  cast-iron 

■       The  filter  beds  of  public  water-supplies  are  usually  large  rectano-u- 

wl^-r  'r^'"*^""^'  ^'''^^  ^^««»ry  chambers,  in  the  floors  of 
wnicD  are  drains  or  channels  for  gathering  the  filtered  water.  The 

froTf  r       Tf^  ^'^^  deep.    The  actual  filter  beds  are 

nrTiii  f  P        ''^^d*^      ^I'O'^  the  bottom  of  broken  stones 

L^L      '  T''^'^.'^  "^"^^'^^  which  is  placed  a  layer  of 

ooctrse  sand,  and  finally  a  layer  of  fine  sand.     The    sand  should 
to  80  per  cent,  of  the  filtering  media.    The  water  resting  on 
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the  sand  is  4  or  5  feet  deep,  and  sliould  not  pass  through  the  filter  at 
a  higher  rate  than  4  inches  an  hour. 

■&uR>Aet   -Of    WAft«\   ■■   . 

I   f^i  I.     I  >       ■  L   ■  I"  ;  '  ■    !    - —   :   ^  -r^ 
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Fig.  11.— Section  of  Sand  Filter  Bed. 


This  filtration  process  abstracts  suspended  matter,  and  practically 
all  the  bacilli  of  the  water.    The  purifying  effect  as  regards  bacteria 
depends  on  a  layer  of  micro-organisms  which  rest  on  or  near  thesiu-face 
of  the  filter.    "  On  this  surface  there  is  a  slimy  layer,  composed  of  finely 
divided  clay  and  a  gelatinous  mass  of  intercepted  bacilli,  streptococci, 
micrococci,  algse  and  other  bodies,  and  immediately  below  this  film  is 
a  layer  of  nitrifying  organisms.  It  is  this  slimy  layer  in  the  sand  which 
is  the  most  important  factor  in  removing  micro-organisms  and  the 
organic  matter  from  the  water.  There  are  more  filtered  micro-org^anisms 
in  the  deeper  than  in  the  superficial  part  of  the  slimy  layer.    By  the 
film  pathogenic  micro-organisms  are  intercepted  and  destroyed  the 
organic  matter  is  broken  up  into  carbonic  acid  and  ammonia,  while  by 
the  nitrifying  micro-organisms,  the  ammonia  is  changed  into  nitrous  and 
nitric  acids.    The  filters  when  acting  effectually  remove  from  98  to  J9 
ner  cent,  of  the  bacteria." 

There  should  then  in  all  these  filters  be  a  fine  layer  of  slime  ;  this 
should  not  be  disturbed,  but  when  the  slime  becomes_  too  thick  tor 
the  water  to  pass  through,  it  should  be  removed  by  scraping  the  surface 
In  i-rmoving  the  film  only  half  an  inch  of  sand  should  be  scraped  off 
aLr  whlch^the  superficial  part  of  the  rest  should  be  raked  up  so  as  to 
exposl  it  to  the  air  and  then  smoothed  over.  When  the  sand  is  reduced 
fn  a  foot  thick,  the  whole  filter  is  cleansed. 

Vents  are  constructed  in  some  filters;  they  are  earned  from  the 
deeper  layers  to  above  the  surface  of  the  water  to  permit  of  the  escape 
nffhe  air  displaced  by  the  water  when  it  first  passes  into  the  sand. 

Th^deX^^^^^  with  which  a  filter  bed  is  acting  can  only 

Ihe  aegieeoi  J  ^^^^.^^^  ^^^^  bacteriological 

-Hi  r;;i£  r.r=i";tr. 

contained  in  a  cubic  centimetre  of  the  water. 
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The  filter  beds  are  periodically  allowed  to  run  dry  for  the  purpose 
of  aeration.  The  sediment  from  the  surface  layer  is  occasionally 
scraped  off.  When  there  is  any  risk  of  the  fine  surface  sand  being 
insufPoient  to  carry  out  its  essential  office,  more  is  added. 

From  the  filter  beds,  the  filtered  water  flows  to  the  service 
reservoirs,  which  are  covered  chambers  to  protect  the  water  from  sun 
and  contamination,  whence  it  is  distributed  either  by  gravitation  or  by 
pumping,  to  the  different  parts  of  the  town,  municipality,  or  canton- 
ment. In  most  stations  in  India  a  pumping  station  is  required  to 
cause  the  water  to  reach  the  height  necessary. 

Service  reservoirs  are  covered  and  ventilated.  They  should  be 
deep  rather  than  of  large  surface  area,  as  this  tends  to  keep  them  cool 
and  prevents  evaporation.  They  should  only  be  filled  with  safe  and 
purified  water.  This  is  specially  necessary  when  the  source  is  from 
a  surface  water.  Service  reservoirs  filled  from  deep  wells  seldom  need 
filtration.  It  is  necessary  to  prevent  the  growth  of  algge,  fungi  and 
other  organisms  in  the  water ;  this  is  effected  by  the  exclusion  of  light. 
All  reservoirs  require  to  be  cleaned  out  periodically.  Impounded  or  storage 
and  service  reservoirs  are  when  practicable  located  on  as  high  ground  as 
possible  so  as  to  secure  a  sufficient  head  of  pressure  to  supply  all  parts 
of  the  town,  municipality  or  cantonment,  with  water  by  gravitation. 
From  the  service  reservoirs  the  water  is  distributed  in  cast-iron  pipes. 

Water-pipes.- Water  is  couveyed  to  the  barracks  in  pipes.  The  larger  ones  are 
ot  cast-iron,  the  smaller  galvanised  iron,  lead,  tin,  or  vitreous  glazed  iron  pipes.  Iron 
'I    i^'u  's  soft.    Distribution  bV  hand  or  c^rts 

should  be  avoided  if  possible,  for  this  usually  means  a  scanty  supply,  and  the 
possibi  ities  ot  contamination  en  route  to  the  consumers  are  many.  Deposits 
may  take  place  in  water-pipes  and  water  channels.  Deposits  in  iron  pipes  are  from 
the  iron  itself,  and  may  he  prevented  by  coating  the  interior  of  the  pipe  with  some 
bituminous  material.  Other  deposits  occur  in  any  kind  of  pipe  or  wateJ  chaunel 
consisting  of  a  slimy  material  containing  different  kinds  of  germs.  These  ma v  be 
prevented  in  one  of  many  ways,  especially  by  Clarke's  softening  process  which 
consists  in  adding  a  small  quantity  ot"  lime  to  the  water.  ^  ^ 

In  large  stations  and  towns  supplementary  service  reservoirs  are 
sometimes  constructed  in  the  higher  parts,  for  convenience  of  distribution 
to  particular  areas,  partly  to  supplement  the  supply  from  the  main 
eseryoir  duiung  the  hours  of  the  largest  call  on  the  water-supply  If 

all'  sunnlv  aUhl^V"  """"T"'^  '°  ^"'^  ''''  ^""^"^  '''^'^^^^     ^^^^^ing  a 
if  n?fl^  '^'^^^'^^^  consumption,  which  is  over  twice 

that  ot  the  average  consumption  per  hour. 

The  distributing  mains  are  similar  in  construction  to  the  main 

uHedimlT'  tT  ""T'"^  ^^'r  ^^^^  -  order  to  wa'sh 

iul  oin  nn  "^^"P"      i»«"«tion  if  any  perforation  or  leak- 

i"?arning"u7e7ull.'"""''^=^         ''''  '''''  '^^^  PH- 

Pi^es'^  witftn?""'"  f  ^"^""'^  ^''^  cantonments,  stand- 

HvaLZ         ?         '^''P  ^''^  connected  with  the  water-pipes 

Sngstl^et?  intervals  for  use  in  case  of  fire  aiK 
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Service  inpes  carry  water  to  the  barracks ;  they  are  usually  con- 
trolled by  stop-cocks. 

One  of  the  greatest  advantages  of  public  water-works  is  the  doing 
away  with  the  manual  labour  in  connection  with  the  drawing  of  water 
from  wells  and  tanks.  They  reduce  this  labour  practically  to  nil. 
Carried  out  in  their  perfected  methods,  they  give  a  constant  supply  of 
water  to  every  barrack  and  house  at  any  time  without  any  expenditure 
of  energy  on  the  part  of  the  consumer,  and  do  away  with  the  risks 
associated  with  house  and  barrack  storage  of  water. 

Constant  and  intermittent  supply.— In  the  constant  system  the 
mains  and  service  pipes  are  kept  constantly  filled  under  pressure  suffi- 
cient to  raise  the  water  to  the  highest  stories  of  houses  and  barracks,  and 
there  is  no  actual  restriction  as  to  the  amount  of  water  that  each  person 
may  draw. 

In  the  intermittent  system  the  water  is  cut  off  from  the  smaller 
mains,  except  for  20  minutes  or  half  an  hour,  once  or  twice  a  day.  It 
is  a  common  error  to  suppose  that  the  constant  service  means  an 
unlimited  supply,  and  the  intermittent  a  very  much  restricted  one. 

Constant  supply.— All  drinking  water  ought  to  be  drawn  direct 
from  the  mains,  under  proper  supervision  ;  the  waste  of  water  is  less  in 
the  constant  than  it  is  in  the  intermittent  system  of  supply.  These 
and  other  advantages  have  led  to  the  adoption  of  the  constant  system 
in  the  great  majority  of  British  towns.    The  constant  is  immeasurably 
superior  to  the  intermittent,  so  that  unless  its  inapplicability  in  any 
particular  case  should  be  decided  by  competent  engineering  authorities, 
it  should  be  adopted  as  the  only  method  by  which  the  growing  neces- 
sities of  the  people  can  be  fully  and  effectively  satisfied.    The  disad- 
vantages of  the  constant  system  are  said  to  be  that  great  waste  and 
extravagance  of  water  is  encouraged  ;  but  with  proper  fitting  taps,  waste 
water  preventers,  and  waste  meters,  these  could  be  avoided.    'J"he  great 
advantages  of  a  constant  system  of  water-supply,  and  the  practicabihty 
of  its  adoption,  have  been  abundantly  demonstrated  in  varioiis  towns 
in  India,  and  these  examples  are  not  unworthy  of  universal  imitation. 

In  the  intermittent  supply  the  contact  of  the  pipes  with  air  and 
water  alternately  tends  to  rust  them.  A  house  or  part  of  a  town 
supplied  on  the  intermittent  system  is  at  a  great  disadvantage  m  case 
of  a  fire  breaking  out.  In  the  intermittent  supply  it  is  necessary  tor 
each  house  to  store  enough  water  for  24  hours  in  cisterns  or  other 
utensils  Water  stored  in  barrack  cisterns  and  water  containers  always 
means  the  risk  of  contamination.  Where  cisterns  exist  in  barracks  they 
should  be  covered,  protected  from  both  heat  and  light,  and  thoroughly 

ventilated. 

Where  barrack  cisterns  are  indispensable,  they  are  best  constructed 
of  well  jlted  brick  or  stone  slabs,  which  should    be  thoroughly 
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cemented  in.side.  A  wrought-iron  cistern  coated  with  some  bituminous 
compound  is  also  largely  used.  The  ordinary  iron  tank  reservoir 
similarly  coated  is  very  useful,  although  from  the  absence  of  fresh  air, 
if  it  is  not  thoroughly  looked  after,  the  water  in  it  rapidly  deteriorates. 
One  has  repeatedly  found  the  larvae  of  mosquitoes  in  the  iron  tanks 
providing  troops  with  water  in  standing  camps  during  manoeuvres 
Lead  cisterns  should  never  be  used  in  a  barrack.  Galvanised  iron  is 
objectionable.  Wooden  cisterns  should  be  avoided,  as  the  wood  is  apt 
to  decay,  to  favour  the  putrefaction  of,  and  impart  organic  impurity 
to,  the  water.  Another  important  point  is  that  the  service  pipes 
which  convey  the  water  from  the  mains  and  sub-mains  to  the  house-tops 
or  cisterns  should  never  be  composed  of  lead  or  galvanised  iron.  A 
safe  pipe  is  a  leaden  one  lined  with  block  tin. 

Any  water  collected  in  the  barrack  for  intermittent  use  during  the 
day  should  be  carefully  protected  from  all  possible  sources  of  pollution 
and  the  receptacle  for  the  water  should  be  periodically  cleaned. 

In  some  cases  cisterns  are  a  necessary  evil,  but  knowing  the 
dangers  associated  with  such  storage,  precautious  in  proportion  should 
be  taken  to  preserve  the  purity  of  the  water.  Storage  on  a  large  or 
small  scale  undoubtedly  accelerates  the  deterioration  of  water  :  particu- 
larly is  this  so  in  covered  reservoirs,  where  from  stagnation,  warmth 
and  limited  supply  of  oxygen,  micro-organisms  in  the  water  multiply 
rapidly.  Both  putrefactive  and  pathogenic  germs  rapidly  multiply  in 
water  under  favourable  circumstances.  In  a' stagnant  water  it  does  not 
signify  how  many  micro-organisms  are  present  to  begin  with,  for  in  a 
short  time  it  teems  with  them. 

u„  J}^  impurities  of  house  stored  water  may  be  lessened  considerably 
fifter  Vh!       ?  tl^^-^^tern  either  a  Berkefeld  or  a  Pasteur-Chamberland 

mt::;d':^^^^^^^^^^^^  ^^p-^^^^  -  ^-^tit,  of 

•,dontI^in°^''""'"'f  'T^^^'  ^''y  unpopular  and  is  now  seldom 

o  Sand  the^'1^^^^  of  stored  water  in  India  are 

noshes  taMon  in  '^'^'"^       numerous,  that  one  has 

luld t:  "^^^-^^^  P--ble  the  constant  system 

suppL'U'bVfonnd%"'' "^'^^  fi^*^^  b^d^^f  cantonment 

dSses  ;  one  perso  '^.^  f^'^'^'  S^^'-^^  of  water-borne 

ation  has  beJr?      ^      I'.  instance  in  which  such  contamiu- 

:'tTheS"n?Teg  Z^^JT'l'  i'^T  -'T''^'  "^^''^ 

so  that  nrovJrlpH  ^  subjected  to    bacteriological  examinations  ; 

ion  its  the  ml  '  ^r^'""""^     '-'^'^  ^g^i-*  contamina^ 

the  barmck  room«  f  f  consumption  by  the  men  in 

oontarnatronTn  i  ^^t?;;:^^^^      n°  ''''  ^^^^ '^^^^^^ 

that  all  wate?  for  the  1      T  "r^'^'^*"'  '''''  ^•««ommending 

ofsuchpXtion  in       1    "  '^T^"^  ^^^^  possible  source^ 

itisSiarv  to  so  numerous  that 

iiecessary  to  safeguard  our  men  from  all  risks  by  boiling  the 
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water.  In  cold  weather  all  water  in  barracks  should  be  from  the 
taps  direct— storagp  is  unnecessary.  In  the  hot  weather  it  is  necessary 
to  cool  the  water.  This  is  done  in  some  regiments  by  the  use  of 
thick  canvas  hags  with  locked  covers  above  and  a  tap  or  taps  below. 
Soorahies  are  largely  used  as  they  naturally  keep  the  water  cool  by 
evaporation  from  the  surface.  Their  great  disadvantage  is  that  they 
are  drunk  out  of  directly,  and  the  mouth  of  the  soorahie  is  often  not 
covered.  This  could  be  readily  remedied  by  having  a  clean  muslin 
cover  tied  on,  or  a  tin  cover  fixed  on,  and  having  an  enamelled  mug 
attached.  The  ultimate  distribution  of  water  to  the  soldier  in  the 
hot  weather  requires  the  closest  attention  of  the  officer  commanding 
the  company  and  of  the  section  commanders. 

The  water  of  public  water-works  may  be  polluted  at  its  source,  in  the 
conduits,  in  reservoirs,  during  distribution,  or  in  the  barrack-room 
cisterns  or  water  containers  of  all  kinds.  Pollution  during  distribution  is 
very  common  in  many  obvious  ways.  Water  during  storage  may  be 
subjected  to  contamination  in  various  ways,  especially  when  the  containers 
are  directly  accessible  and  not  covered.  This  latter  allows  of  dust,  insects 
and  the  men  themselves  getting  at  the  water. 

Under  all  circumstances  waste  of  water,  even  when  it  is  abundant, 
should  be  strictly  forbidden.  Such  prodigality  may  in  some  situations 
be  very  disastrous. 

C. — Diseases  caused  by  impure  water. 

As  far  as  the  soldier  in  India  is  concerned,  polluted  water  may 
give  rise  to  the  following  diseases  : — Typhoid  fever,  dysentery  (both 
bacillary  and  amoebic),  infective  diarrhoea,  simple  diarrhoea,  cholera, 
various  kinds  of  worms,  including  guinea-worm,  round  worms  and 
hook-worm  disease  and  indigestion. 

Simple  diarrhoea. — Impure  water  plays  an  important  part  in 
producing  ordinary  simple  diari  hoea.  This  is  especially  the  case  if  the 
impurity  arises  from  decomposing  animal  and  vegetable  matter. 
Such  decaying  animal  matter  is  most  frequently  derived  from  human 
ordure,  which  in  some  way  or  other  gains  access  to  and  mixes  with 
drinking-water.  Sometimes,  however,  dissolved  and  undissolved  mineral 
matters  contained  in  water  create  relaxation  of  the  bowels.  The 
diarrhoea  so  prevalent  in  the  Himalayas  is  often  due  to  the  suspended 
mica  scales,  or  finely  divided  particles  of  silica  contained  in  the  water. 

Epidemic  or  infective  diarrhoea. — Impure  water  plays  an  im- 
portant part  also  in  producing  epidemic  diarrhoea  which  arises  from 
infection  of  the  water  by  a  bacillus  which  is  very  like  that  of 
epidemic  or  bacillary  dysentery. 

Dysentery. — Dysentery  may  also  be  caused  by  impure  water  when 
the  impurity  consists  of  one  or  other  of  the  specific  bacteria  of  dysentery 
(Bacillus  clyaenterice)."    It  is  probable  that  a  second  form  of  dysentery 

*  What  is  known  as  the  hacillm  of  tlyi^mtnry  is  not  a  single  species,  but  a  group 
of  closely  related  bacilli,  of  which  three  distinct  and  several. closely  allied  species 
are  recognised. 
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arises  from  the  use  of  water  to  which  another  organism  gains  access. 
This  is  known  as  amoebic  dysentery  and  is  due  to  a  small  animal  organism. 
It  is  a  sound  rule  to  assume  that  any  epidemic  outbreak  of  bowel  com- 
plaints in  cantonments  or  on  field  service,  manoeuvres,  etc.,  may  be  due 
to  infection  of  the  general  water-supiily,  to  which  the  attention  of  the 
sanitary  and  regimental  medical  officers  should  be  directed. 

Typhoid  fever. — This  disease  arises  chiefly  from  water  fouled  by 
the  stools  or  urine  of  patients  suffering  from  it  or  who  have  recently 
recovered  from  it.  It  does  not  often  affect  the  people  of  India,  but 
is  very  fatal  to  young  Europeans  coming  to  the  country.  It  occasion- 
ally arises  from  the  use  of  specitically  contaminated  water  used  by 
gotvallahs  to  adulterate  milk  or  to  wash  milk  containers. 

Cholera— its  relation  to  water.— Cholera  is  endemic — that  is,  it  is 
always  present  to  a  greater  or  less  extent — in  Lower  Bengal  and  certain 
other  parts  of  India.  It  has  in  these  places  occasional  epidemic  out- 
breaks ;  but  an  entire  cessation  of  the  disease  occurs  only  for  a  few  months 
of  the  year.  When  the  conditions  favourable  to  the  propagation  of  this 
disease  are  present,  and  it  has  once  made  its  appearance,  it  is  liable  to 
disseminate  to  other  parts  of  India  epidemically.  Water  is  one  of  the 
chief  means  by  which  the  disease  is  spread.  There  are  doubtless  other 
agencies  by  which  it  is  diffused,  such  as  through  specifically  con- 
taminated air,  clothes,  food,  flies,  etc.,  yet  water  in  most  outbreaks  plays 
an  important  part  in  this  respect.  One  thing  is  certain — wherever  in 
its  endemic  centres  the  use  of  unwholesome  water  has  been  supplanted 
by  a  purer  supply,  there  cholera  has  considerably  decreased. 

A  direct  proof  of  the  contagiousness  of  the  excreta  of  cholera  patients  is  giveu 
in  the  following  case.  A  part  of  the  eviicuiitiou  of  a  cholera  patient  was  mixed  bv 
accident  or  otherwise,  in  the  water  contained  in  a  ghurrah  or  earthenware  chatty 
The  (jhurrah  was  exposed  to  the  sun  for  many  hours.  Next  morning  each  of  19 
persons  swallowed  a  small  quantity  of  this  water.  Within  36  hours  fi?e  of  them 
were  seized  with  cholera.  Another  recorded  instance  is  given,  wheru  the  supposed 
germ  of  cholera  was  found  m  the  water  of  a  tank  in  Calcutta.  A  woman  who 
diauk  of  this  water  was  attacked  with  the  disease.  Cholera  bacilli  have  now  been 
trequently  found  in  water-supplies  from  wells  and  tanks  in  this  country.  Cholera 
sometimes  attacks  large  numbers  of  people  at  one  time,  and  spread.,  rapidly  over 
tue  country.  Its  spread  is  nearly  always  along  tlie  line  of  railway,  or  along  roads 
travelled  by  human  beings.  Epidemics  of  cholera  never  travel  faster  than  human 
beings  can.  We  can  explain  how  this  spreading  occurs.  Say  a  wayfarer  imbibes 
the  poison  of  the  disease  in  Calcutta,  but  does  not  show  signs  of  it  till  heE 
entered  the  train.  His  discharges  are  deposited  within  the  compartment  he  occu- 
r°°./'"''  "P  ^  ^"^  I^"'^''^^'  and  contaminates  the  air.    This  air  is 

ll^rl  «  ^'  P-^^ff^g^rs.  or  the  dried  up  particles  get  to  the  back  ot^  the 

«  «HnL  ■''^^^^y  swallowed.    Or,  he"^  visits  the  latrines  at  t  e  railway 

sta  ion  <i"7°gl"S30urney.  The  exc, eta  from  these  may  start  the  disease  in  hi 
Sll  ank  wa,")  Ir^^^  He  takes  his  soiled  clothes  to  some 

^nd  renrw  «ii  H  °>  T''^''' '  °^  ^^^^  ^^OP^"  t'"^*"-  ^^''^^  '"^0  the  well, 
his  npr  n,  nf  n^K         "'^u^'^'^  ^''"^^^  *°  -^'lo'era.    He  likeWise  carries  ou^ 

his  personal  ablutions  at  this  well.    This  may  appear  to  be  a  far-fetched  explana- 
tion, but  we  can  vouch  for  its  reality.  cucAijiana 

BBaJ^^t?^"^'*'^  Officer  of  a  large  municipality,  and  whilst  on  one  occisinn 
S'l^'i^^-  ''^"/'^  °*  outbreak  of  cholera,  one  entered  several  huts  where  mtienf^ 
^vere  suffering  from  the  disease.    In  one  hut  lay  a  helpless  man  iuTlow  state 
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from  choiera.   He  liad  passed  liis  stoola  over  the  ground,  nnd  had  vomited  in 
•several  places,  soiling  the  cooking  utensils  and  his  lotah.*    On  making  inquiries 
it  was  ascertained  that  his  wife  had  just  drunk  water  out  of  the         so  soiled. 
The  man  recovered,  but  the  unfortunate  woman  died  of  cholera.    On  another 
occasion,  a  woman  drawing  water  while  in  the  stnge  of  premonitory  diairhcea  from 
Cholera,  vomited  and  purged  into  the  well.    In  two  days  37  people  of  the  village 
usiue  the  water  of  this  well  were  attacked  with  cholera.    On  one  ocC:ision  while 
invelti eating  a  localised  outbreak  of  cholera  in  company  with  a  newly-employed 
sanitary  insp.  ctor,  and  when  demonstrating  to  him  that  the  nce-wntery  evacuation 
from  one  of  the  cases  was  characteristic  of  cholera,  he  remarked  tlu>t  he  I'ad  Wen 
passing  that  kind  of  e.xcreta  for  five  days.    He  died  from  cholera  3G  ho"'.s  j^ter- 
In  the  same  way  many  mild  cases  of  diarrhoea  occurring  during  chole  a  eP';'«'^  ca 
are  really  cholera  ;  the/e  are  amongst  the  most  dangerous  to  communities  bncause 
So  ireca^utions  against  the  spread  of  the  disease  are  taken    There  ^'e.  u.^ortunate- 
Iv  ocher  persons  during  cholera  periods  who  are  per  ectly  well  and  yet  act  as 
cllrTers  of  the  disease  through  their  excreta,  which  are  normal  in  appearance 
conta^nine  chole?n  bacilli.t    We  have  seen  how  all  wells,  tauks,  and  water-courses 
a?e  herg^coSs  anUy  polluted,  and  how  easy  it  is  for  the  cholera  poison  to  reach  us; 
an  this  might  be  avoided  by  the  exercise  of  a  little  care  regarding  the  water  we 
drink. 

In  the  year  1879  over  five  millions  of  people  died  in  India 
265,000  of  these  from  cholera.  During  cholera  outbreaks  the  one  cnrdina 
rule  to  adopt  is  to  boil  all  water  that  is  drunk  and  see  that  it  is  boiled 
this  rule  includes  also  all  milk  used  when  it  is  from  any  source  outside 
one's  own  premises. 

Worms.-The  human  being  is  liable  to  suffer  from  several  kinds  of 
"  worms."  The  eggs,  and  embryoes  or  immature  forms  of  these  parasites 
mIyTa in  entrance'  io  the  boJels  through  drinking-water  Amongs 
these  are  round  worm,  thread  worm  and  gmnea-worm  ;  otheis,  a  the 
ankvlos  LesThook-worms,^  taken  into  the  body  with  drinking 
waKud  a  so  reach  the  boiel  by  attacking  the  skin.  Many  vegetaWe 
para  ites  are  aid  to  come  from  bathing  in  impure  water,  such  as  ring- 


worm 


Intimate  relation  between  water  and  disease  -All  evidence 
Bhows  the^timate  relation  between  impure  water  and  disease.  Ihe 

Cron^'eVs"  v^^^^ 

We  can  never  ignore  the  fact  that  the  most  prevalent  and  deadly 
We  can  nevei  g  small-pox,  tuberculosis  and  malaria) 

°^''lflZ^^o{  7.JLlei^^-^^^^^'<^  used  to  occur  at  that 

supply  Is  not  absolutely  reliable  it  is  necessary  to 
SnUe  tu"  cormi"tion  may  occur  i„  any  stage  up  to  reacb.ug 

the  consumer.   

 '  *  The  brass  utensil  used  for  (lri»king  out  of. 

t  See  article  Cholera,  Taut  IV. 
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D.— Examination  of  Water. 

Collection  of  samples  of  water.— It  is  often  nt^cessary  to  collect  samples  of 
water  for  analyt'cal  and  bacteriological  e.ramination,  and  in  doing  tliis  mnch  care  is 
necessary.  In  tnkins;  a  t>amplo  for  this  pnrposR  in  India  we  usually  fill  with  the 
water  a"  scrupulously  clean  "Winchester  qiiaifc  bottle"  (which  contains  half  a 
gallon)  having  a  rubber  stop[)er.  This  bottle  is  placed  in  a  specially  made  wooden 
box  containing  a  ])erforated  piece  of  wood  to  receive  the  neck,  and  clamped  witbi 
nuts  to  keep  tlie  bnttle  steady.  The  bottle  is  surrounded  with  broken  ice  and  des- 
patched to  the  aniilyser  as  sooii  as  possible  ;  this  precaution  is  specially  necessary 
when  the  water  has  to  be  sent  to  another  station.  If  jiot  packed  in  ice,  the  germs, 
which  are  contained  in  all  natural  waters,  multiply  with  enormous  rapidity,  so 
that  in  24  hours  or  so,  the  sample  dnes  not  represent  the  state  of  the  water  being 
used.  So  much  so  is  this  the  case  that  as  far  as  a  bacteriological  e.xnmination  is 
concerned,  if  the  water  dues  not  reach  the  examiner  within  24  hours  in  the  hot 
weather,  and  48  hours  in  the  cold  weather,  it  is  useless  to  send  it.*  The  chemical 
constitution  of  the  water  remains  unaltered.  All  thoroughly  clean  glass  stoppered 
bottles  may  be  made  to  answer  the  purpose  of  the  one  described  above. 

In  collecting  water  from  a  tank  or  well,  the  surface  impurities,  scum,  and 
debris  should  be  avoided  by  immersing  the  bottle  and  removing  the  stopper  under 
water;  care  should  also  be  taken  not  to  stir  up  any  sediment  or  dirt  from  the 
bottom.  The  middle  of  a  stream,  river  or  tank  should  be  chosen,  avoiding  the  intake 
of  feeding  channels,  unless  it  is  essential  to  test  the  water  from  a  particular  spot. 
If  from  a  public  water-works  tap  or  stand-pipe,  the  tap  should  be  opened  for  a. few 
seconds  before  filling  the  bottle.  The  bottle  should  be  washed  out  three  or  four 
times  with  some  of  the  water  to  be  examined  before  taking  the  sample.  The  bottle 
should  be  completely  filled.  The  stopper  of  the  bottle  should  be  tied  in.  A  note 
should  be  made  of  the  source  of  the  water  and  of  the  date  and  time  of  taking  the 
sample. 

Trained  sanitary  officers  exercise  the  utmost  caution  in  expressing  their  opi- 
nions as  to  tlie  quality  of  waters  analysed  by  them,  for  they  are  conscious  of  the 
importance  of  their  decision.  It  is  but  fair,  then,  that  in  sending  samples  for 
analysis,  such  samples  should  be  accompanied  by  as  much  information  about  the 
water  as  it  is  in  our  power  to  give.  It  is  often  a  waste  of  time  and  labour  to  send 
six  or  eight  bottles  of  water  marked  A,  B,  C,  etc.,  without  any  further  reference 
to  the  water  sent.  He  should  also  be  made  acquainted  with  any  special  reason 
there  may  be  for  making  an  analysis. 

Methods  of  examination  adopted.— An  accurate  oplDion  a.s  to 
the  wholesomeiiess  or  otherwise  of  a  drinking  water  can  only  be  arrived 
at  after  subjecting  a  sample  of  it  to  a  complete  examination.  This 
consists  in  an  iiivestigdtion  into  the  physical  characters  of  the  water  a 
chemical  analysis  (bot  i  qualitative  and  quantitative)  and  a  microscopi- 
cal exximination.  Yet  after  all  the.se  processes  have  been  carried  out 
there  is  a  further  requirement— that  of  an  endeavour  to  cultivate  any 
microscopical  vegetable  germs  that  may  be  present  in  suitable  nutrient 
media,  and  ascertain  their  nature.  This  is  termed  the  bacteriological  or 
biolor/ical,  examination  of  water.  When  this  also  has  been  accomplished 
we  are  placed  in  a  position  to  give  the  most  reliable  and  trustworthy 
opinion  as  to  the  quality  of  a  given  sample  of  water.  To  carry  out  these 
processes  with  accuracy  demands  that  the  analyst  shall  have  had  a  sound 
chemical  training,  and  that  he  be  familiar  with  bacteriological  methods. 

•  The  bacteria  in  a  sample  of  water  multiply  with  enormous  rapidity  f^T^ 
hours,  and  cnutinue  to  do  so  fur  three  or  four  days,  then  they  undergo  gradual  red  up 
tion.and  ni  a  tew  months  thora  are  practically  none  remaining.    The  bacteria 
water  are  mainly  affected  by  the  temperature  of  the  water,  length  of  time  Vt  haJ 
stood,  and  the  nature  of  the  organic  food  in  the  water.  ^  "  "'^^ 
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Hence  the  uselessne§s  of  lay  persons  undertaking  anything  but  a  phy- 
sical and  simple  chemical  examination  of  water.  On  the  other  hand, 
in  the  majority  of  cases,  a  suflnciently  trustworthy  opinion  can  be 
formed  as  to  the  quality  of  a  water  after  a  physical  and  chemical 
examination  of  it  has  been  made  by  a  sanitary  expert. 

Physical  examination  of  water.— Much  may  be  learnt  from  a 
simple  physical  examination.  From  it  we  ascertain  the  colour,  clear- 
ness, taste  and  swell  (if  any),  and  the  existence  or  not  of  any  visible 
suspended  matter  or  sediment. 

Colour. — For  this  we  use  narrow  cylindrical,  clear  glass  vessels, 
about  18  inches  in  height.  We  fill  one  with  the  water  under  examina- 
tion and  the  other  with  distilled  water  for  comparison.  We  place 
these  in  a  good  light,  on  a  white  slab  or  on  some  printed  paper,  and 
see  if  we  can  read  the  print  below.  The  best  and  purest  waters  have 
no  colour  when  seen  through  this  depth,  or  only  a  faint  bluish  tinge. 
In  practice  we  would  probably  fill  some  vessel  like  a  soda-water  tumbler 
and  judge  how  far  it  responded  to  this  test  without  any  distilled  water 
for  comparison  to  guide  us. 

Waters  are  often  slightly  greenish,  due  to  cellular  nlgce,^  and  such 
waters  are  not  considered  impure  on  this  account.  ^  W'aters  of  a 
yellowish,  or  a  brownish  colour,  are  to  be  looked  upon  with  suspicion. 
Such  a  colour  may  be  clue  to  sewage  contfunination. 

Clearness. — Any  water  that  is  not  clear  and  transparent  cannot 
be  reckoned  as  one  of  the  first  order.  Dissolved  or  finely  suspended 
particles  of  colouring  matters  will  reduce  tiie  natural  clearness  of  pure 
water,  as  will  also  finely  divided  and  suspended  mineral  matters.  Most 
of  such  suspended  matters  subside  on  allowing  the  water  to  stand,  but 
fine  particles  of  calcareous  salts,  and  of  mica,  etc.,  may  not  subside. 

Sediment-— To  find  out  the  amount  and  nature  of  the  sediment 
the  water  is  to  be  allowed  to  stand  some  time.  The  general  characters 
of  the  sediment  may  now  be  investigated.  It  may  be  examined 
microscopically  and  biologically,  and  in  this  way  its  exact  nature  be 
discovered. 

Taste.  -  The  taste  of  a  drinking  water  depends,  as  a  rule,  on  the 
eases  dissolved  in  it,  and  not  on  the  mineral  salts  it  contains.  It  may 
be  ''aid  that  any  water  in  which  the  mineral  matters  in  solution  are 
recoanispd  by  the  palate  is  unfit  to  drink.  An  ordinary  drinking  water 
contains  from  1-5  to  2-5  grains  of  common  salt  to  the  gallon  It 
requires  about  three  times. this  quantity  to  be  readily  recognisable  by 
the  sense  of  taste. 

^meW  -  Any  perceplible  smell  in  water  should  cause  us  to  regard 
it  with  stispicion.  A  smell  is  usually  due  to  putrefaction  in  which 
the  evolution  of  sulphuretted  hydrogen  and  ammonia  compounds  i3 
Hkina  plare.  Any  smell  in  water  is  best  brought  out  by  heating  it 
to  about  100°  Fahrf,  and  adding  a  little  caustic  soda  to  the  water. 
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The  sense  of  touch  requires  considerable  practice  before  it  can  be 
of  use  in  the  physical  examination  of  water.  It  is  chiefly  employed 
in  detecting  hardness  in  water,  hard  waters  giving  a  roughness  to 
the  toucli, 

A  little  practice  in  the  physical  and  simple  chemical  examination 
of  water  would  soon  enable  us  to  form  a  fair  opinion  of  samples  of 
water,  or  at  least  familiarise  us  with  the  chief  characters  by  which 
waters  may  be  distinguished  as  grossly  contaminated.  It  does  not, 
however,  give  us  any  information  as  to  the  number  and  kinds  of  bac- 
teria present,  and  this  is  the  most  important  part  of  an  examination 
of  water. 

Chemical  examination  of  water. — Meaning  of  "pure"  water. 
The  term^  "  pure"  as  applied  to  water  is  used  in  two  distinct  senses, — 
one  in  whicli  the  water  is  chemically  pure  and  contains  notliing  but 
water  ;  tlie  other  in  which  it  is  hygievically  pure,  and  in  which,  although 
certain  foreign  constituents  are  dissolved  or  contained  in  the  water, 
they  are  not  in  sufficient  quantities  to  produce  any  deleterious  effect 
on  the  liuman  economy.  The  extraneous  constituents  of  a  hygienically 
pure  water  are  not  only  harmless,  but  are  actually  beneficial,  A  chemi- 
cally pure  water  is  not  desirable  as  a  beverage. 

B.a,rmfnl  gSLSes  in  vra,ter.—Sulp/mref ted  hydrogen —The.  presence  cf  svlpluirct- 
ted  hydrof/en  is  usually  indicative  of  considerable  deterioration  of  water  This  "ns  is 
known  by  its  odour— that  of  rotten  eggs.  It  is  frequeutlv  found  in  superficial  wells 
fir.d  m  dyring  up  tanks.  In  the.'^e  it  is  formed  by  the  deoxidation  of  sulphates  of 
metals,  and  this  deoxidation  is  effected  by  plants  undergoing  decay.  The  oxvgen  of 
the  metal  sulphates  combines  with  the  carbon  of  the  organic  matter  to  form  carbonic 
acid,  and  the  sulphate  combines  with  hydrogen  to  form  sulphuretted  hydrogen. 

When  water  containing  sulphuretted  hydrogen  is  heated  thi.s  gas  is  evolved 
and  rocooni.«ed  by  its  characteristic  offensive  smell  which  is  that  of  rotten  eggs  A 
solution  of  a  salt  of  lead  added  to  the  water  gives  a  black  precipitate. 

Ammonia.— For  the  determination  of  ammonia  in  water  we  use  what  is  known 
as  ^f,>l.rs  SoMwn,  which  is  a  solution  of  iodide  of  potassium,  corrosive  sublimate 
and  hydrate  of  sodium.    A  few  drops  of  this  is  added  to  the  water,  and  if  ammonfa 
IS  present  a  yellow  colour,  or  yellowish-brown  precipitate  occurs,  in  accordance  with 
the  amount  of  ammonia  present.    By  experience  we  may  learn  roucrhlv  the  amount 

0  ammonia  present  from  the  degree  of  colouration  produced  in  this  Laction  H 

b'ser  ".ruTon"  whUrgJ^^^^  ^^^^^^  "^^^^  °f  ^^er  to 

Chlorides.— Chlorides  in  small  quantities  occur  in  all  natural 
waters.  An  undue  quantity,  imless  explained  by  its  coming  from  a 
saline  spring  or  from  near  the  sea,  should  arouse  suspicion.  The 
cliLorides  in  water  are  important  as  indicators  of  the  possible  existence 

01  numan  excretal  contamination,  and  sometimes  they  form  a  jjuide  as 
to  the  channel  by  means  of  which  sewage  gains  access.  Hence  the 
Snin  °f  estimating  the  amount  of  chlorine  in  quantitative 
Che  n  cal  analyses  The  presence  of  chlorides  is  determined  by 
acidifying  water  with  a  little  dilute  nitric  acid,  and  adding  a  few  drops 
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of  nitrate  of  silver  solution.  One  grain  to  the  gallon  gives  a  haze  ; 
four  grams  give  distinct  turbidity,' ten  grains  slight,  and  twenty 
grams  a  cuDsiderable,  precipitate.  Chlorine  is  usually  due  to  ordinary 
salt.  It  inay  be  from  tlie  deeper  parts  of  the  soil,  or  (on  the  coast)  from 
the  sea,  in  which  case  there  will  be  an  excess  of  permanent  hardness, 
the  free  ammonia,  albuminoid  auimoni'a  and  the  total  solids  will 
be  in  small  quantities,  and  in  this  case  even  a  large  amount  of  cidorine 
may  be  harmless  ;  or  the  chlorine  may  be  from  pollution  bv  animal 
matter,  particularly  urine,  in  which  case  the  free  and  albuminoid 
ammonia  and  volatile  solids  (those  dissipated  by  incineration)  will 
show  recent  and  dangerous  pollution  {vide  infra). 

Nitrates  in  water. — Almost  all  waters  contain  ft  certain  amount  of 
either  nitrate  of  sodium  (cubic  nitre),  or  nitrate  of  potassium  (saltpetre), 
or  nitrate  of  lime  (calcareous  nitre).  Nitre  is  au  oxidised  product 
of  decomposed  dead  animal  and  vegetable  matter.  In  the  quantities 
in  which  usually  found,  nitrates  are  not  harmful  to  man  and  animals 
using  the  water. 

When  water  comes  into  contact  with  decaying  animal  and 
.vegetable  matters,  their  carbon  is  oxidised  to  carbonic  acid  gas,  and 
their  nitrogen  is  oxidised  to  nitrates,  which  are  dissolved  in  the 
water.  When  this  oxidation  of  organic  matter  is  incomplete  in  wells, 
tanks,  etc.,  the  water  is  impure  and  may  be  very  dangerous  to  use. 
Partial  oxidation  results  in  the  produce  of  nitrites.  The  presence  of 
nitrites  in  water  is  always  looked,  upon  with  suspicion.  They  are 
usually  contained  in  water  that  is  deficiently  aerated.  When  water 
is  undergoing  proper  aeration,  the  nitrogen  evolved  out  of  organic 
matter  is  oxidised  into  nitrates,  and  the  nitrates  into  ammonia,  with 
very  little  formation  of  nitrites.  An  increase  of  nitrates  and  nitrites 
is  evidence  of  iirevioufi  contamination  of  a  dangerous  kind,  but  not 
proof  of  existing  danger.  On  the  other  hand,  any  noteworthy  increase 
of  oxidisable  organic  matter  calls  for  grave  apprehension  as  to  the 
quality  of  a  water. 

Nitrification,  by  which  nitrogenous  organic  matter  in  water  (or  in 
soil)  is  oxidised  to  produce  nitrates,  is  largely  due  to  microbes. 

Organic  matter.— There  is  no  direct  method  by  which  the 
amount  of  organic  matter  present  in  water  can  be  determined  ;  and 
it  is  therefore  necessary  to  employ  in  its  estimation  the  known 
tendency  of  organic  matter  to  decompose  into  nitrites,  nitrates,  and 
ammonia.  The  free  ammonia  occurring  in  water  represents  the 
ammonia  combined  with  nitric,  carbonic  and  other  acids,  and  also  what 
may  be  derived  from  urea  of  urine  or  other  easily  decomposable  nitrog- 
neous  substances,  if  they  are  present.  In  a  chemical  analysis  of  water, 
after  ascertaining  the  amount  of  free  or  saline  ammonia  by  distillation 
tlie  residue  left  is  used  for  estimating  what  is  called  aUmminoxd 
ammonia,  which  is  done  by  a  somewhat  complicated  process  we  need 
not  describe  here. 
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Nitrogenous  organic  matter. — There  should  be  practically  no 
nitrogenous  organic  matter  in  water,  and  if  there  is  much  free 
ammonia,  the  smallest  amount  of  albuminoid  ammonia  should  be 
viewed  with  suspicion. 

Animal  matter. — Animal  matter  should  always  be  regarded  as 
injurious  to  the  quality  of  a  water,  especially  if  human  excrement  is 
the  source  of  the  animal  matter. 

It  is  most  important  that  all  drinking  water  be  free  from  decora- 
posing  organic  matter.  In  such  a  state  organic  matter  is  almost 
invariably  associated  with  micro-organisms,  which,  amongst  others, 
may  contain  the  germs  of  typhoid  fever,  dysentery,  and  cholera.  This 
is  particularly  liable  to  occur  if  the  excrement  of  persons  sufferinty 
from  these  diseases  gains  access  to  the  water,  and  we  know  that  there 
are  many  ways  in  which  this  can  occur. 

Limits  of  impurities  allowable.— It  is  useful  to  possess  some 
standard  as  to  the  admissible  limit  of  the  various  constituents  of  a 
first  class  water.  With  reference  to  such  a  standard  we  would  state  that 
only  slight  traces  of  the  following  substances  are  ad-nissible  :— Nitric 
and  nitrous  acids,  ammonia  salts,  metallic  salts,  organic  matter,  and 
sulphuretted  hydrogen.  It  is  extremely  rare  to  find  all  of  these 
substances  absent,  yet  anything  beyond  a  trace  should  be  looked  upon 
with  suspicion.  ^ 

Lead.— No  drinking  water  containing  lead,  even  if  only  a  trace 
should  be  used ;  it  is  always  dangerous,  and  the  particular  sample 
analysed  may  not  show  the  maximum  quantity  of  lead  present. 

A  few  drops  of  sulphuric  acid  added  to  water  containing  lead  sive 
a  white  precipitate  which  is  insoluble  if  more  acid  is  added  Solution 
ot  sulphuretted  hydrogen  or  ammonium  sulphide  gives  a  black  precipi- 
tate  ot  sulphide  of  lead.  l 

If  a  water  gives  negative  results  in  its  physical  examination  we 

Z7n  Z  T    I  ''^''^     'f.''^  8'"'^  If  ^-'I  doubtful 

aL   ntntrt       V^^'^^r^^^^^'^^^^^'^j^''^^  a  qualitative 

and  quantitative  chemical  examination.    We  would  repeat  that  whilst 

a  wateTr  fi'n  ""^^^^^ble  judges  in  estimating  the  wholesomeness  Of 
the  physical  examination  is  our  main  guide.    In  standing  camDs  tha 

Sed'as  1  mTt''  'r"^  I''  w^ter-sup^^ly  will,  of  course  ife  ^li"  ghl^ 
tested,  as  a  matter  of  routine,  by  sanitary  or  other  medical  officers. 

nni.  Characters  of  good  water-Cxood  water  should  be  clear 

colourless,  or  have  only  a  faint  bluish  tint  when  viewed  thrrah  a  de^th 

JS  "*-  ^---^-^t-  niaynotbeb:d%X.lt:.K 
snarkW    T.  •    T  '""F,"'"     ^  "^'^^^^  should  be  bright  and 

^'^^^     contains  the  necessary  gases  to  makrit 
palatable-oxygen  and  carbonic  acid.    The  taste  shoX  be  pLsaVt^ 
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There  should  be  no  smell,  and  it  should  dissolve  soap  readily,  i  e  it 
should  not  be  hard.  There  should  be  no  visible  sediment.  A  water  that 
possesses  these  characters  is  probably  drinkable.  But  it  may  not  be  so, 
for  the  most  dangerous  agents  in  water  are  disease-germs,  and  these  are 
invisible,  and  may  exist  in  vast  multitudes  without  being  known  to  our 
senses. 

Bacteriological,  etc.,  examination  of  w&ter.— Living  organisms 
in  tyaie/'.  — Living  organisms  of  all  sorts  and  descriptions,  both  vege- 
table and  animal,  are  frequently  met  with  in  water.  Their  presence 
naturally  indicates  the  existence  of  a  suitable  food,  which  food  is  chiefly 
organic.  They  do  not  of  themselves,  however,  entitle  us  to  absolutely 
condemn  the  water  in  which  they  are  found,  yet  a  water  containing  an 
abundance  of  life  must  be  regarded  as  inferior  and  less  desirable,  Uian 
one  that  is  clear  and  comparatively  free  from  living  organisms. 

Fungi.— The  microscopical  and  bacteriological  examinations, 
therefore,  form  important  supplements  to  the  physical  and  chemi- 
cal examination  of  water.  Of  the  vegetable  organisms  fungi  are  the 
most  important.    The  chief  forms  of  fungi  met  with  in  water  as  far  as 


.It. 


Fig.  12. — Groups  of  the  moie  commou  bacteria  found  in  water. 


public  health  is  concerned  are  bacilli  (which  are  not  commonest),  vibrios 
or  spirilla,  and  micrococci,*  all  of  which  require  as  food  organic  carbo- 
naceous matter,  nitrates  which  they  reduce  to  nitrites,  a  trace  of 
phosphates,  and  usually  oxygen.  Practically  no  natural  water  is  free 
from  these  vegetable  germs. 

Tlie  bacteriological  examination  of  water  does  not  consist  of  the  simple  process 
of  taking  a  drop  of  the  sample,  putting  it  between  a  slide  and  cover  slip,  and  then 
under  the  microscope.  Disease-germs  in  water-supplies  are  practically  never  in  such 
numbers  as  to  be  found  in  this  way.  A  certain  small. quantity  of  the  water  has 
to  be  added  to  nutrient  media  and  then  kept  at  the  most  suitable  temperature  for 
their  miilriplicatioa.  It  is  usually  found  that  at  the  end  of  a  certain  time,  varying 
from  8  hours  to  some  days,  several  varieties  of  organisms  form  colonies  mostly 
harmless.  AVheu  the  characters  of  the  colonies  are  characteristic  of  one  or  more 
forms  of  disease  micro-organisms,  these  are  examined  and  sub-cultures  mtule,  and 
80  on,  the  process  being  repeated  until  one  or  more  varieties  of  the  germs  have  beea 
isolated  and  identified. 

A  complete  bacteriological  examination  tells  us  the  number  of  organisms  present 
in  a  definite  small  quantity  of  water,  the  presence  of  any  organisms  of  sewage 
contamination,  and  occasionally  the  presence  of  thp  specific  organisms  of  disease. 


»  See  Ekmmti  of  Oentral  Bacterioloyy,  Pakt  IV. 


GENERAL  HYGIENE. 


113 


The  number  of  micio-orgauisms  indifferent  kinds  of  water  v-iries  considerably, 
but  on  the  whole  corresponds  with,  and  gives  an  approximate  estimate  as  to,  the 
degree  of  impurity.  Yet  all  vegetable  germs  in  water  are  not  harmful  ;  some 
iiide.Hl  exercise  a  purifying  influence  by  feeding  on,  and  bringing  about  a  disinte- 
gration of,  the  organic  impurities  contuined  in  the  water.  This  is  the  case  with  the 
crowds  of  bactena lying  in  the  gelatinous  tilra  resting  on  the  superficial  layer  of 
sand  in  tiie  filter  beds  of  public  water-supplies.  Certain  forms  of  micro-organisms 
split  up  the  ritrogenoi'S  (animal)  matter,  and  convert  it  into  ammonia,  nitrites, 
and  later  on,  nitrates.  Some  germs  are  related  to  ordinary  decomposition  processes, 
whilst  others  may  be  the  seeds  of  specific  diseases. 

The  importance  of  a  thorough  acquaintance  with  the  life-history 
of  the  individual  micro-organisms  by  those  investigating  water-supplies 
is  well  recognised.  For  example,  by  such  means  the  bacillus  of  typhoid 
fever  can  be  distinguished  from  the  several  varieties  of  bacilli  met  with  in 
excreta  simulating  it,  the  different  varieties  of  the  bacillus  of  dysentery 
can  be  differentiated  from  the  typhoid  one  and  those  resembling  it,  and 
both  these  from  innocent  bacilli  like  them;  the  spirillum  of  Asiatic 
cholera  can  be  distinguished  from  other  comma-shaped  organisms ; 
and  inasmuch  as  the  presence  of  any  one  of  these  disease-producing 
microbes  in  a  water-supply  is  an  indication  of  contamination  with 
discharges  from  persons  with  the  disease,  such  water  should  be 
condemned  for  drinking  purposes. 


The  object  of  a  bacteriological  examination  is  to  determine 
whether  the  water  is  one  which  can  be  used  with  safety  at  the  time,  and 
subsequently.  In  the  early  days  of  the  bacteriological  examination  of 
water,  it  was  thought  that  the  detection  of  such  microbes  as  those  of 
typhoid  fever  and  cholera  in  water,  would  become  an  operation  of 
great  importance  and  easy  to  carry  out.  This  hope  has  not  been  real- 
ised ;  the  difficulties  connected  with  such  investigations  of  water 
makes  them  of  little  use  to  us  from  a  practical  point  of  view  in  our 
every-day  examination  of  water-supplies.  These  microbes  can,  of 
course,  be  detected  and  isolated,  and  when  we  suspect  specific  contami- 
nation of  water  by  any  particular  microbe,  we  attempt  to  effect  such 
isolation  and  identification, 


„„,,^*°*emlindicators. -Formerly  we  chiefly  relied  on  the  numerical  count  of 
colonies  of  microbe,  ctdtivated  on  nutrient  media  from  the  water  under  examina- 
nPCP^^it.  'ft  1  H  'i'"!''"'  enumeration  of  colonies  of  bacteria  has,  however 

necessitated  the  devising  of  some  more  certain  method  ot  determining  the  qualitv 

fa  dnnking  water,  nnd  for  this  purpose  the  use  of  hacterial  indkatoThl 
become  generalised,  and  is  undoubtedly '  of  great  value.    The  worst  Kofpolu 
t.on  to  which  a  water  can  ba  subjected  is  that  of  human  excreTa     We        £  i 

o  recogn.se  human  excreta,  of  the  diseased  or  healthy, as  potential  ve  iTcles  for 
min^nT  '™  "f^l'^e'-^se.    To  detect  whether  there  has  been  human  excre  U  coma 
^ "  ?     •  "''t  ""^''^^  °fthe  wator  bacteriologist  of  the  present  dav 
sl  owilt^ari'p'r'  ^''^  '''T''       ^""'^'""g  reqirirements  ne^cessary 
,r,iPnih^  ^     ^^^'^  '      been  such  contamination.    These  requirements  are  --TlU 
n.crobes  should  be  abundant  in  the  substnnces  for  which  its  preseivce    ei  ves'as  an 
be  ;        I  -ol  T\'^'^               or  practically  absent  from  all  other  sources  ;  ft  should 
and  not  n.^hliV^   '  '■>."'J.»"™«r'«')l'y  estimated,  audits  character,  should  be  definUe 

Sc^  \^;:i°c;n7oro?he/ii;l°^ "°  ''"^"'■^^"'^^  ^""'''^^  ---^^  - 
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colour  imparleci  to  the  solutiou  by  the  litmus  to  become  bile  orb  Lh  a.Ks 
Which  CO  lects  in  a  small  inverted  glass  tube  placed  iu  the  test  tubes    wl  i'e  stren 
tococci,  staphy  ococci,  ami  the  bacilli  of  typhoid  fevL  d78en"er?'\nd  PhS?i 
produce  acid  only.  By  a  series  of  sub-cultures  aud  the  ulf of  vSifs^uc^a^  ( J^^i'lse 
lac  ose  maltose,  mannite,  dulcite.  etc.,  which  are  fermeutedTherebf  ^^^^ 

mrml4n\  ^..x^^  different  strains  of  microbe^s/re  nctua^l 

germs  pieseut  m:iy  be  worked  out  in  a  bacteriological  laboratory. 

'^°,^°"^*'ri^^"S-~'''''^  common  colon  bacillus  is  now  cenerallv 
accepted  ns  the  best  indicator  of  harmful  contamination.  "  There  is  no  evfdence  or 
observations  which  have  ever  shown  th.t  the  lacillus  coli,  reasona  ly  de^^^^^^^ 
ZZ  r  "i"""^  ""libers  in  sources  which  have  not  been  exposed  to  some  oiS'of 
toecal  contamination  It  is  a  reliable  indicator  of  excretal  contamination.  It  indi- 
cates excretal  bu  not  necessarily  human  excretal  contamination.  Its  value  as  an 
indicator  of  harmtu  pollution  depends  both  on  the  completeness  of  it. attributes 
as  compared  with  the  characteristic  organism  of  human  excreta,  and  upon  its  Nume- 
rical presence  ;  the  more  nearly  its  characters  are  in  accord  with  those  ofThe 
excretal  bacillus,  the  greater  its  value  and  the  fewer  required  to  be  present  t^o 
establish  evidence  of  pollution.  '  f'""-""" 

Bacillus  enteritidis  sporogenes. -Another  bacillus  called  Bacillus  enteritidia 
sporogenea  lias  been  largely  used  as  a  test  for  excretal  contamination  of  water  It 
is  spore-bearing,  and  it  is  the  spores  which  are  used  for  its  detection  ;  owiu"  to  the 
prolonged  powers  of  resistance,  the  presence  of  the  spores  shows  contamination 
by  no  means  necessarily  recent,  but  rather  at  some  previous  date.  " 

It  is,  of  course,  necessary  to  have  some  sort  of  staudaril  to  work  with  when  usini? 
these  organisms  as  indicators  ;  such  a  standard  is  used  by  experts  onlv  as  a 
general  guide,  and  is  not  taken  as  a  hard-and-fast  basis  of  opinion  ..s  regards  the 
wholesomeness  of  a  water.  &  " 

Itis  impossible  to  make  any  definite  statement  as  to  the  number  of  bacteria 
permissible  in  a  wholesome  water;  the  kind  of  bacteria  and  relative  number  of 
each  species  are  of  much  greater  importance  than  the  total  number  present 
"  Estimation  of  the  quality  of  water  based  only  upon  counting  colonies  of  bacteria 
in  plate  cultivation  are  of  little  value,  but  other  things  being  equal  and  constant 
a  small  number  of  organisms  tend  to  indicate  a  small  degree  of  organic  pollution 
and  conditions  unfavourable  to  the  multiplication  of  bacteria." 

The  standard  for  surface  water  is  ten  times  as  slack  as  that  for 
deep  water. 

The  ordinary  bacteria  of  water  are  of  little  significance  except  when  present  in 
excessiTO  numbers  as  they  are  not  harmful.  They  consist  of  what  are  known  as 
Jlourescent  lacilli,  some  of  which  liquefy  gelatin  and  some  do  not;  ordinaiy 
colour-producing  bacteria,  and  the  germs  of  ordinary  air  and  soil. 

Typhoid  fever  and  cholera  bacilli  are  rarely  found  in  water,  for 
by  the  time  the  disease  has  developed,  the  germs  have  disappeared, 
as  they  only  live  in  water  a  few  days.  It  is  seldom  that  we  have  the 
opportunity  of  examining  water  that  really  causes  an  outbreak  of  either 
of  these  diseases;  still  rarer  is  it  to  find  true  dysentery  bacilli  in  water. 

Investigation  of  sources  of  pollution  of  water.— In  attempting  to  ascertain 
the  source  of  pollution  of  water  from  wells  or  other  collections  of  water,  the  water 
itself  is  first  subjected  to  a  careful  physical,  chemical  and  bacteriological 
exuminution.  The  source  itself ,  its  immediate  surroundings,  and  the  whole  area 
drained,  are  also  inspected.    When  a  contaminating  source  is  suspected  which 

*  So  named  because  it  contained  sodium  taurocholale  (obtained  from  bil?}, 
glucose  (grape  sugar;,  peptoue,  and  litmus  eolution. 
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mav  be  a  hundred  yards  or  more  from  the  wiiter,  thon  either  a  solution  of  common 
salt  chloride  of  lithium,  or  a  richly  coloured  .material,  called  flourescvi.  is 
tiirowu  into  this  source,  and  the  water  under  investigation  is  later  on  tasted  chemi- 
cally for  chlorine  from  the  salt,  for  lithium  by  evaporating  the  water  and  fiaming 
the  residue  when  a  crimson  flami  will  be  seen  by  the  eye  or  by  the  spectroscope  ; 
flourescin  (resorciu  thai  1  an),  which  is  an  orange  dye  having  a  peculiar  green 
fiouresceiice  when  in  water,  is  at  once  recognised,  b'lourescm  is  superior  to  any 
of  the  other  indicators  except  lithia,  because  the  water  has  not  to  be  previously 
tested  for  its  presence.  AVith  reference  to  the  finding  of  the  chlorine,  the  vrater 
will  naturally  contain  a  certain  amount,  and  that  amount  Jias  to  be  first  ascertained 
before  using  this  test,  if  there  is  any  material  difference  in  the  chlorine  before 
and  after  using  the  salt,  one  source  of  the  contamination  is  definitely  shown.  There 
may  of  course  be  several  sources  of  pollution  in  the  same  water, 

Animalculse,  etc-,  in  water.— Of  the  animal  kingdom  the  Inficsoria  and  Rho- 
zoparfa  are  abundantly  represented  in  pools,  tanks  and  rivers.  They  are  themselves 
harmless,  but  point  to  an  e.'iistiug  pabulum  of  organic  matter  in  the  water,  which 
in  many  cases  is  in  such  quantity  as  to  lead  to  serious  contamination.  Hydrozoa 
and  RotiferaxTQ  frequently  present  in  goo  1  water.  iVema/ocZa  are  af ten  found  in 
impure  water.  In  this  latter  order  are  included  the  eggs  of  round  and  thread 
worms  (which  may  inhabit  the  alimentary  tract  of  human  beings),  and  iho  embryo 
of  the  guiuea-worm.  Leeches  are  frequently  met  with  in  water.  They  are  often  dan- 
gerous from  the  bleeding  they  may  cause  from  the  throat,  or  even  from  the  stomach 
when  they  gain  access  to  thai  organ.  The  absence  of  fish  and  molluscs  in  perennial 
rivers  and  tanks  denotes  bad  water.  Water  ileas,  Cyclops,  Daphnia,  etc.,  are  found 
in  apparently  good  water. 


E. — Purification  of  Water. 

There  are  very  few  waters  that  do  not  require  some  form  of 
pm-ification  before  being  used  for  drinking  purposes.  Rain-water  (if 
collected  pure),  distilled  water,  water  from  mountain  streams  and 
from  springs  at  a  distance  from  human  habitations,  may  be  used 
without  any  preparation  ;  so  may  as  a  rule  the  water  supplied  by 
water-works,  for  in  this  case  water  has  been  tolerably  well  fitted  for 
all  purposes  by  previous  filtration  through  sand  and  gravel  or  other 
means  before  distribution.  In  all  other  instances  the  water  should 
be  thoroughly  filtered,  or  better,  boiled  and  filtered. 

There  are  four  general  methods  of  purification  of  water:  — 

Natural.— Subsidence  of  impurities,  oxidation,  action  of  vegetation , 
fishes. 

Physical. — Distillation  ;  heat — including  boiling  in  special  water 
sterilising  apparatus,  and  boiling  in  small  utensils. 

Mechanical. — Filtration  (in  many  cases  this  is  also  partly  chemic.il) 

Chemical.— By  the  action  of  agents  that  act  chiefly  mechanically 
partly  mechanically  and  chemically,  and  by  germicidal  "bodies. 

Natural  methods  of  purification.— ^c^iort  of  fishes  and  plants.— 
Irishes  and  some  of  the  larqer  toater  ]:)lants  ordinarily  take  no  small 
Share  m  purifying  water.  Plants  act  chemically  by  aiding  tlie  oxidation 
ot  any  organic  matter  present. 

the  sn'S^pi'^f^^®  Of  impurities.-By  the  physical  process  of  subsidence, 
wie  suspended  solid  matters  finding  their  way  into  tanks,  etc.,  gradually 
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i  n^L  o^  T active  of  the  natural 

CLmZTt  i  ^  ['^^•^^oving  a  little  of  the  .ilt  and  filth  from  the 
fof  some  time    't?"  '  ^"F'  not  been  cleaned 

findina  ir  ^l^J  i  this  gradually  subsides,  and,  in 

oigtTc  maUer  '''''''  ^^^^^t  much  of  the  suspended 

allnd??'1f 'r^^.^'"""!^'^^-'  ^'"^"^'^  ox^rfa^^o7^,  we  have  already 
alluded  to  the  action  of  air-oxygen  on  contaminated  waters.  All 
natural  waters  contain  a  certain  amount  of  dissolved  oxygen  Thi'^ 
oxygen  has  the  power  of  oxidising  and  rendering  innocaous,  to  some 
degree,  most  of  the  suspended  and  dissolved  organic  impurities  of  water 
Water  m  motion  contains  more  oxygen  than  tliat  which  is  stationary, 
in  moving  water  the  impurities  are  more  rapidly  and  repeatedly  brought 
into  contact  with  atmospheric  air.  Oxidation  rapidly  removes  sul- 
phuretted hydrogen,  oflfensive  organic  vapours,  and  a  certain  amount  of 
the  dissolved  organic  matter. 

It  is  the  oxygen  contained  in  river  water  that  helps  so  considerably 
m  the  purification  of  river  waters.  The  water  of  rivers  and  streams 
with  steep  falls  and  rugged  beds  dissolves  a  large  amount  of  oxyo-en, 
and  may  thus  get  rid  of  a  considerable  degree  of  pollution.  ^ 

Various  forms  of  vegetation  in  rivers  and  streams  are  active  in 
purifying  waters  by  giving  off  oxygen  in  a  very  active  state.  Ft  is 
probable  that  the  oxidation  that  goes  on  in  rivers  is  a  chemical  process 
begun  by  the  action  of  sunlight.  Muddy  rivers  impenetrable  to  bright 
sunlight  are  but  little  affected  by  this  process  of  oxidation.  AU  'the 
natural  processes,  except  when  combined  under  the  most  favourable 
circumstances,  are  insufficient  to  deal  with  the  degree  of  pollution  going 
on  in  most  Indian  rivers. 

Chemical  methods  of  purification.— Chemical  purification  of 
water  is  old  and  time-honoured  ;  many  forms  have  been  employed,  the 
principles  being  to  precipitate  suspended  matters,  remove  hardness, 
or  oxidise  any  organic  impurities  present. 

Alum. — Various  chemical  agents  are  used  in  effecting  the  preci- 
pitation  of  impurities.  Alumhas  been  used  in  India  for  precipitating 
the  impurities  of  water  for  many  centuries.  The  aluminous  salts  are 
very  serviceable  in  removing  suspended  organic  matter  if  carbonate  of 
lime  is  contained  in  the  water.  The  alum  causes  a  flocculent  precipitate 
of  hydrate  of  alumina,  which  talies  up  the  colouring  matter  of  tlie  water 
and  abstracts  the  solid  matters  in  suspension,  all  gradually  finding 
their  way  to  the  bottom.  Alum  to  some  extent  also  acts  on  many 
forms  of  bacteria  in  water,  but  it  does  not  appear  to  affect  the  germs 
of  typhoid  fever  or  cholera. 
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About  6  grains  of  crystallized  alum  are  required  to  the  gallon. 
Muddy  water  is  readily  cleared  in  this  way.  The  addition  of  5  grains 
of  lime  to  the  gallon,  after  the  alum,  clears  the  water.  It  is  doubtful, 
however,  as  to  whether  alum  has  much  effect  on  dissolved  organic 
matter.  The  action  of  aliun  on  a  turbid  or  muddy  water  is  very 
striking.  When  alum  in  this  way  is  to  be  added  to  drinking 
water,  it  is  desirable  that  this  addition  be  undertaken  several  hours 
before  the  water  is  used,  to  give  time  for  the  precipitation  to  be 
effected.  A  simple  way  of  using  alum  is  to  put  a  lump  of  it  into 
a  cleft  of  a  clean  split  bamboo,  and  stir  it  round  in  the  water  ;  the 
sediment  will  soon  sink  to  the  bottom,  and  the  clear  water  may  then 
be  drawn  off.    This  clarification  does  not  render  the  water  safe  for  use. 

Action  of  permanganate  of  potassium.— Water  containing  organic 
matter  may  be  at  least  partly  purified  by  adding  a  small  quantity  of 
permanganate  of  potassium  to  it.  This  salt  contains  an  excess  of 
oxygen  which  combines  with  the  organic  matter  present  to  render  it 
harmless.  It  is  a  powerful  oxidising  chemical  salt,  and  is  at  times 
exceedingly  useful  in  ridding  water  of  the  dangers  associated  with 
contained  organic  matter.  The  action  of  the  alkaline  permanganate 
on  organic  matter  varies  with  the  nature  of  the  impurity.  In  some 
cases  much  of  the  animal  and  vegetable  organic  matter  is  rendered 
innocuous,  in  others  the  action  is  somewhat  uncertain.  The  use  of 
permanganate  of  potash  frequently  gives  rise  to  a  yellowish  tint  in 
the  water,  due  to  finely-divided  peroxide  of  manganese  in  suspension. 
This  does  not  interfere  with  the  wholesomeness  of  the  water.  A  little 
alum  will  carry  down  the  suspended  peroxide.  Filtration  effects  the 
same  object.  There  appears  to  be  no  doubt  that  if  the  impurity 
of  water  depends  upon  organic  matter,  the  use  of  the  permanganate 
solution  considerably  reduces  the  dangers  associated  with  its  contuinp- 
tioh.  When  a  little  solution  of  permangante  of  potassium  is  added 
to  pure  water,  it  gives  the  water  a  purplish  colour,  which  colour  is 
lasting.  If  organic  matter  is  present  in  the  water,  however  the 
purple  tint  is  soon  lost.  Gondy's  fluid  *  acts  in  the  same  way  as  per- 
manganate of  potassium. 

The  permanganate  attacks  the  organic  matter  present  in  the 
water  on  which  microbes  feed  and  probably  acts  deleteriously  on  the 
germs  them.selves.  The  organic  and  other  suspended  matter  in  the 
water  is  precipitated.  Pure  water  will  retain  the  pink  hue  eiven 
to  it  by  permanganate  for  24  hours. 

Permanganate  of  potassium  is  specially  valuable  in  getting  rid 
ot  the  unpleasant  odour  of  certain  waters,  particularly  those  of  stao??iant 
tanks  and  surface  wells.  It  readily  removes  the  smell  of  sulphuretted 
hydrogen,  and  also  tlie  peculiar  offensive  odour  of  impure  water  that 
lias  been  kept  in  wooden  casks  and  iron  tanks. 


"  Coiuly's  Fluid  is  a  solution  of  permanganate  i\nd  maugouate  of  sod 
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Whenever  permanganate  of  potassium  is  used  in  this  way  for 
purifying  water  for  troops  it  requires  the  supervision  of  a  European 
officer,  who,  however,  when  Native  troops  are  to  use  the  water,  should 
take  no  active  part  in  carrying  out  the  process 

If  this  is  to  be  done  on  the  line  of  march  or  on  manoeuvres,  it  is 
best  to  send  the  water  party  on  12  to  16  hours  ahead,  so  that  the  Y^er- 
manganate  will  have  had  time  to  act  and  all  suspended  matter  have 
been  precipitated  by  the  time  the  main  body  arrives. 

The  usual  directions  for  the  use  of  permanganate  on  a  small  scale 
in  the  case  of  any  foul-smelling  or  suspected  water  are  : — Add  a  solution 
of  a  permanganate  of  potassium  crystals  (1  in  500  of  water),  teaspoon ful 
by  teaspoonful  to  three  or  four  gallons  of  water,  stirring  constantly. 
When  the  least  permanent  pink  tint  is  perceptible,  stop  for  five 
minutes;  if  the  tint  is  gone,  add  30  drops,  and  then,  if  necessary,  30 
mere.  Now  allow  to  stand  for  six  hours ;  and  then  add  for  each 
gallon  six  grains  of  crystallised  alum. 

Disinfection  of  Wells  and  Tanks  with  permanganate  of  potas- 
sium.— This  is  now  largely  practised  in  India,  especially  during  cholei-a 
periods.  When  the  quality  of  a  well  water  is  suspected,  one  part  of 
permanganate  of  potassium  is  to  be  added  to  4,000  of  the  water.  A 
greater  strength  than  this  is  often  required  in  very  impure  wells. 
In  an  ordinary  well  of,  say,  10  to  12  feet  in  diameter  about  4  ounces 
of  permanganate  is  sufficient,  and  for  a  small  well  of  4  to  6  feet  in 
diameter  2  ounces.  The  4  ounces  are  first  dissolved  in  a  bucket  or 
other  vessel  of  water,  the  bucket  is  then  sunk  to  the  bottom  of  the 
well  and  suddenly  drawn  up  again  to  the  surface,  and  this  is  repeated 
several  times  until  the  solution  has  mixed  uniformly  witli  the  well 
water.  Where  caste  prejudice  exists,  the  permanganating  should  be 
carried  out  by  a  Brahmin  or  other  selected  per.'^on,  under  supervision. 
It  is  better  to  do  this  in  the  evening  after  the  people  have  ceased  using 
the  water  for  the  day,  so  as  to  allow  time  for  the  permanganate  to  act 
and  the  water  to  lose  its  deep  purple  colour.  If  any  colour  still  remains, 
a  few  grains  of  alum  to  the  gallon  added  to  the  water  clears  it  rapidly. 

A  stock  of  permanganate  of  potassium  crystals  is  a  very  useful 
addition  to  the  articles  required  in  camp  and  jungle  life,  and  to  those 
of  troops  proceeding  on  field  service. 

Slaked  lime  is  aho  used  for  disinfecting  wells  and  (anks,  about 
an  ounce  being  used  to  every  6  or  7  gallons  of  water  About  20 
pounds  are  required  for  a  small,  and  40  pounds  for  a  large  well  ;  it 
should  be  thoroughly  mixed  with  the  water  and  time  allowed  for  the 
precipitation  of  the  organic  matter  to  take  place. 

Lime-water  reduces  ordinary  hardness  of  water.  -  Very  hard 
water  is  softened  by  the  addition  of  lime-tvalev  when  such  water  is 
required  for  drinking  purposes,  and  by  the  addition  of  crude  carhcnate 
of  soda  when  the  water  is  to  be  used  for  washing  clothes. 
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Ozone  has  been  used  in  late  yeai's  as  a  steriliser  of  water-supplies 
on  the  Continent  of  Europe,  the  gas  being  generated  by  eleotricity 
and  forced  up  through  the  water  descending  in  water  towers 

Copper  sulphate  or  chloride  has  of  late  years  been  largely  used  lor  restraining 
the  growth  of  algne  and  other  aquatic  plants  of  low  order  in  reservoirs  and  tanks  — 
]  part  to  a  million  parts  of  water  being  sufficient  for  the  purpose,  and  in  this 
strength  is  free  from  danger.  The  copper  is  precipitated  as  a  basic  salt  and  the 
water  so  treated  is  often  rendered  clear  and  bright.  In  this  strength  it  has  no 
decided  e£f<'Ct  on  the  bacteria  of  water.  To  be  effective  for  this  purpose  a  stiength 
of  1  to  10,000  is  required,  which  strength  is  decidedly  objectionable  in  watar- 
supplies.  The  question  as  to  the  use  of  these  soluble  copper  salts  in  public  water- 
supplies  is  siWl  aiib  Judioe.  1 1  would  appear  that  strips  of  bright  copper  placed  in 
utensils  used  for  domestic  storage  of  water  for  '?A  hours  is  capable  of  restraining, 
and,  in  some  instances,  of  actually  killing  the  bacilli  of  typhoid  fever  and  cholera. ' 

Various  chemical  preparations  have  been  used  for  the  purification 
of  water,  all  acting  as  destroyers  of  microbes  with  greater  or  lesser 
rapidity.  The  most  useful  of  the  genn-destroying  tablets  yet  employed 
is  the  hisul'plude  of  sodium,  if  it  is  allowed  half  an  hour  to  carry 
out  its  office.  The  tablet  that  was  used  during  manoeuvres  at  home 
consisted  of  15  grains  of  bisulphate  of  sodium  sweetened  with  saccharin 
and  flavoured  with  oil  of  lemons.    This  makes  a  pleasant  drink. 

These  tablets  kill  cholera  and  other  germs  quickly,  and  for  actively 
moving  troops,  light  movable  columns,  forced  marches,  and  for  cavalry, 
they  are  a  useful  addition.  One  would  strongly  recommend  that  these 
tablets  get  an  extended  trial  during  manoeuvres. 

Iodine  has  been  used  as  a  chemical  steriliser  for  drinking  water 
for  troops  on  field  service.  The  iodine  is  set  free  from  a  mixture  of 
iodide  of  potassium  and  iodate  of  sodium  in  tablet  form,  the  iodine  beinjj 
set  free  by  a  weak  acid.  As  recommended  by  VAlLLARDit  consists 
of  three  different  kinds  of  coloured  tablets.  No.  1  tinted  blue,  contains 
0  1  gramme  of  iodide  of  potassium  and  0-016  gramme  of  iodate  of 
sodium.  No.  2  tablet  which  is  tinted  red,  contains  0-1  oramme  of 
tartaric  acid;  No.  3  which  is  white,  contains  0  12  gramme  of  sodium 
hyposulphite.  Tlie  potassium  and  sodium  tablets  are  crushed  and 
dropped  m  a  little  water  giving  rise  to  a  brownish  fluid,  the  colour  beine 
due  to  the  lodme  which  is  set  free.  This  kills  all  germs  in  10  minutes 
Ihe  .ubseqnent  use  of  the  white  tablet,  hyposulphite  of  sodium,' 
removes  the  lodme  and  renders  the  water  potable.  Vaillard  arrived 
at  the  conclL|sion  tha  for  troops  on  the  march,  boiling  and 
fillenng  are  not  practicable  measures,  and  under  such  conditions  he 
pins  his  fai  li  to  chemical  sterilisation  by  iodine,  using  his  red,  vJhite 
and  blue  tab  Olds  or  his  purpose.  A  modification  of"  the.e  i  found 
in  Nesfield's  tabloids  or  powders. 

We  used  Nesfield's  powders  in  passing  through  a  cholera  district 
going  to  and  returning  from  the  Agra  Conclntration  of  1907   but  oar 

atTto  Tu^"""  J'""  "^'^  j^"'^^^  ^"^  '^^"^^-i^"  bei/ig  arrived 
at  as  to  their  properties  in  sterilising  a  water  specifically  polluted  -md 
containing  cholera  vibrios.  With  Native  regiu4ts  it  L  ^ce  3!  a 
huge  undertaking  to  use  these  tabloids  or  powders    for  alf  water 
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consumed,  and  llie  chance  of  some  men  getting  water  that  has  not  been 
sterilised  into  their  bottles  is  not  inconsiderable.  The  effects  on  tl^e 
potable  qualities  of  the  water  is  insignificant— that  is,  it  induces  no 
taste,  and  only  a  very  faint  odour  of  iodine,  which  wonld  scarcely  be 
noticed  by  those  unaware  of  its  presence. 

Possible  special  use  of  Nesfield's  iodine  tabloids.— With  refer- 
ence to  Nesfipld's  powders  (or  tabloids)  one  would  suggest  making  these 
up  into  tiny  portable  tabloids  in  such  a  way  tliat  the  soldier  received  a 
packet  of,  say,  100  each  of  the  three  kinds  (A.  B.  C);  one  set  of  three 
taloids  being  suflficient  to  sterilise  the  contents  of  one  water-bottle,  so 
that  it  would  only  be  necessary  to  add  these  three  under  the  prescribed 
conditions,  to  drinking  water  of  doubtful  quality.  These  would  last 
each  man  at  least  15  days. 

Nesfield  has  also  advocated  the  use  liquified  chlorine  contained 
in  lead- lined  iron  cylinders  to  purify  water.  He  recommends  that  about 
150  grains  of  this  beset  free  into  8  gallons  of  water  and  subsequently 
dechloriuated  by  sodium  sulphate.  This  for  troops  on  field  service  is 
scarcely  practicable,  for  apart  from  the  fact  that  the  complete  sterilisation 
of  the  water  is  not  always  secured  in  this  way,  there  is  the  difficulty  of 
carrying  these  cylinders,  and  the  process  is  too  slow  and  complicated 
for  the  conditions  of  field  service. 

Bromine  has  likewise  been  used,  about  one  grain,  contained  in 
small  glass  tubes  being  added  to  a  pint  of  water  and  allowed  to  act 
for  five  minutes  and  then  debrominised  by  small  tablets  of  sodium 
sulphite.    This  is  a  method  that  promises  well. 

Hypochlorite  of  calcium  has  been  used  in  the  Austrian  Army 
to  sterilise  water  in  a  strength  of  less  than  half  a  grain  to  a  quart  of 
water,  but  it  is  difficult  to  make  up  into  tablets  and  gives  the  water  an 
unpleasant  taste. 

Physical  methods  of  ituri&c&tion.  —  Sterilisation  of  water  by 
boiling.  — In  ordertorender  our  safety  from  micro-organisms  practically 
absolute,  it  is  necessary  to  have  our  drinking  water  boiled  or  reliably 
filtered.  Boiled  and  filtered  water,  preserved  and  distributed  in  steri- 
lised containers  is  one  of  our  greatest  auxiliaries  in  the  prevention  of 
disease  in  India.  In  fact,  nearly  all  the  terrors  which  micro-organisms 
are  justly  capable  of  inspiring,  melt  away  when  we  remember  that  we 
can  effectually  combat  them  by  heat  and  filtration.  These  are  the 
two  most  effective  measures  which  can  be  taken  in  avoiding  disease 
fiom  specifically  contaminated  water.  By  insisting  upon  these  opera- 
tions being  systematically  carried  out,  we  can  render  ourselves  inde- 
pendent of  the  purity  of  our  water-supply,  the  safety  and  wholesoineness 
of  which  it  is  otherwise  beyond  our  power  to  control.  The  insipid 
taste  given  to  water  by  boiling  is  remedied  by  the  addition  of  a  little 
lime-juice  or  sugar,  or  both. 

Essential  effects  of  boiling  water.—Boiling,  when  properly 
carried  out,  effectually  kills  all  disease  microbes,  removes  all  temporary 
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hardness,  destroys  the  bacteria  of  specific  diseases  and  renders  harmless 
all  dissolved  organic  impurities  in  water.  Some  of  the  organic  matter 
which  may  be  contained  in  the  water  is  carried  down  by  the  precipita- 
ted carbonate  of  lime.  To  be  efifectual,  however,  the  water  should  be 
boiled  for  at  lea.st  five  minutes,  or  boiled  for  a  less  time  under  super- 
heated steam  pressure,  so  as  to  raise  it  to  230°  Fahr.,  at  which  tempera- 
ture all  possible  disease-germs  are  killed  in  a  few  seconds. 

Boiling  robs  water  of  the  gases  it  naturally  contains,  and  in  this 
way  renders  it  flat  and  insipid.  Boiled  water  should  be  used  as 
soon  after  boiling  as  practicable,  as  boiled  water  readily  takes  up 
microbes  from  the  air.  Roiled  water  should  be  stored  in  clean  vessels, 
and  excluded  from  all  possible  sources  of  contamination.  Cooling 
may  be  expedited  by  placing  a  clean  wet  rag  around  the  vessel. 

Aeration  of  boiled  water.— To  make  boiled  water  palatable  it 
should  be  aerated  subsequent  to  boiling.  This  is  eflfectually  done  in 
the  McNamara  filter,  or  any  one  of  the  porcelain  or  infusorial  earth 
filters.  In  the  absence  of  any  of  these,  it  may  be  passed  through  an 
ordmary  sieve  previously  "  fired  "  if  of  metal,  otherwise  soaked  for 
some  time  m  boihng  water.  Empty  kerosine  oil  or  biscuit  tins  with 
perforations  in  the  bottom,  suspended  over  a  storage  tank,  effect 

Where  the  quality  of  the  water  is  doubtful  and  on  account  of 
want  ot  time  we  cannot  supervise  its  purification  personally,  it  is  safer 
to  use  tea  or  coffee-the  boiling  of  the  water  in  making  these  kills 
ItSo:^  '''''''  -^j-^  t?  any  kind  of 

There  are  various  disadvantages  associated  with  the  boiling  of 
water,  the  more  miportant  of  which  are-its  expense,  the  watir  is 
endered  tasteless  and  flat,  it  loses  its  natural  gases,  the  wlter  ha 
to  be  cooled  before  it  is  drunk,  and  it  is  very  diflBcult  to  carry  ou  on 
a  large  scale  except  m  special  apparatus.  ^ 

the  result  of  experience  gained  in  r^n?,  V      attentiou.    McCullock  says  that  as 

method  of  sterilLtiou  wi  '  alwav/be  renS  ""^ 
obtaining  on  field  service.  Th  rrefers  to  ^1--  ^"'^'^"ions 
wide  area,  under  varying  conditions  ^  °'  e°g''g«d  oxer  a 

appar!t°u8*^Sfe%  S^^^^^  fo™s  of  portable  water-sterilising 

recent  years.   The  exuerie  PR  nf  h7  a  'ufo^^ced  into  ^rmies  in 

in  West  Africa  is  To  thfeS  that  Inttr^'""'  n^liPPines.  and  the  Germans 

gone  reduction  siticrtheir  ^se  it  s  I  wli i' 7'  ^^^T'^'^ry  ^"^^  diarrhoea,  have  under- 
of  Pasteur-Uhamberland  n   ers  bJth  inTn n  introduction 
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pressure,  so  that  it  attains  a  temperature  of  from  220  to  230°  Falir.— a  heat  incom- 
patible with  the  life  of  either  adult  disease-Rerms  or  their  spores.  A  travelling  water- 
cart  with  a  charge  of  Piisteur-tJhauiberland  candles  has  been  used,  for  some  time  by 
the  United  States'  troops  iu  the  Philippines. 

Various  forms  of  portable  water  sterilisers  are  in  use  at  the  present 
day,  cliiefly  for  armies  in  the  field.  All  the  machines  are  designed  on 
the  principle  of  heat  exchange,  which,  as  applied  to  the  purification  of 
water  depends  on  the  fact  that,  with  a  sufficient  area  of  metallic  surface 
of  good  conducting  capacity,  and  sufiBcient  time,  a  given  quantity  of 
hot  liquid  will  yield  nearly  all  its  heat  to  an  equal  amount  of  similar 
but  cold  liquid.  The  most  popular  machines  of  the  kind  in  use  at 
present  in  the  United  Kingdom  are  the  Griffith's  and  the  Lawrence 
sterilisers.  In  the  Griffith's  steriliser  the  water  is  only  brought  to  a 
temperature  of  173°  Fahr.,  which  is  sufficient  to  kill  typhoid,  dysentery, 
and  cholera  germs.  It  is  a  very  portable  apparatus,  weighs  100  pounds, 
without  its  case,  and  delivers  60  gallons  of  sterilised  water  per  hour, 
in  doing  which  it  uses  about  1^  pints  of  oil. 

One  of  the  chief  diflSciilties  to  be  encountered  in  storilisiug  water  for  men  on 
the  march  by  heat  is  the  question  of  fuel.  Many  water-carts  have  been  invented, 
especially  since  the  war  in  South  Africa,  and  a  great  deal  of  controversy  has  arisen 
in  connection  ■with  the  subject,  and  the  respective  merits  of  various  methods 
All  the  inventions  are  to  some  extent  unsatisfactory  on  account  of  the  bulk  of  fuel 
be  carried  and  the  large  quantity  required  to  sterilise  a  comparatively  small  quantity 
of  water.  Coal  is  heavy,  and  needs  special  trnnsport  which  may  be  difficult  to  obtain 
on  field  service,  i'etrol  and  various  kinds  of  oil  are  fairly  bulky  and  inflammable. 
Eecently  a  new  electric  fuel  called  "  Thermit"  h.is  been  used,  and  is  said  to 
satisfy  thrt  requirements  better  than  any  other  fuel.  "  Thermit "  consists  of  a 
blackish-grey  powder  composed  of  a  mixture  of  aluminium  and  either  ferric  or 
ferrous  oxide.  When  a  small  quantity  of  are-agent  such  as  peroxide  of  barium 
or  chromium  is  placed  on  the  surface  of  the  mixture  and  a  match  applied,  intense 
combustion  arises  at  once  and  this  heat  has  been  used  for  sterilising  water. 

Qualities  of  an  ideal  sterilising  water-cart. —  An  ideal  water- 
cart  is  one  that  could  be  drawn  by  a  horse  or  mule,  with  a  means  of 
boiling  the  water  in  a  few  minutes,  and  if  possible  with  a  means  of 
cooling  the  boiled  water.  The  fuel  must  be  transported  on  the  cart 
itself  in  sufficient  quantity  to  last  the  company,  or  other  regimental 
unit,  for  at  least  three  days,  boiling  water  twice  a  day.  The  ordinary 
service  water-cart  used  in  South  Africa  holds  about  108  gallons,  and, 
when  full,  weighs  about  a  ton.  Whilst  the  question  of  fuel  has  perhaps 
never  been  satisfactorily  settled,  that  of  cooling  the  water  has  presented 
comparatively  few  difficulties,  and  there  are  at  present  many  forms  of 
water-carts  in  which  the  apparatus  does  this. 

There  are  many  forms  of  heat  sterilising  apparatus,  all  those  in  use 
at  the  present  day  being  based  on  the  principle  of  sterilising  water  by 
means  of  heat  exchange.  The  heat  of  the  water  that  has  been  sterilised 
in  the  pipes  is  utilised  to  raise  the  temperature  of  the,  incoming  cold 
water  as  it  goes  to  the  sterilising  chamber,  whilst  the  cold,  which  the 
water  parts  with,  is  utilised  for  reducing  the  temperature  of  the  sterihsed 
water.  In  this  way  the  sterilised  water  maybe  discharged  from  the 
apparatus  at  oiily  10°  Fahr.  warmer  than  it  enters  it.    There  is  much 
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probability  that  some  special  apparatus  devised  on  the  principle  of 
heat  exchange  will  in  the  future  form  the  means  of  supply  of  a  large 
part  of  our  Army  in  the  field  with  sterilised  water.  Water  may  be  boiled 
in  the  ordinary  camp  Icettles  and  placed  in  the  McNamara  zinc  cylinders. 

Where  boiling  has  to  be  carried  out  on  manoeuvres  or  on  the  march, 
the  water  party  should  go  on  the  day  before  to  carry  out  the  process  and 
have  the  cooled  water  ready  for  use  for  the  regulation  containers  by  the 
time  the  force  arrives. 

In  barrack-rooms  of  British  troops  with  a  heat  steriliser,  such  as  the  Larymore 
boiler,  after  this  is  filled  no  native  should  be  allowed  to  approach  the  water ;  every- 
thing further  necessary  should  be  carried  out  by  the  European  soldier  himself. 
"  The  tap  water  must  be  boiled  in  the  Larymore  boiler,  the  whistle  going  for  10 
minutes.  The  boiler  should  be  cleaned  inside  once  a  week  with  a  scrubbing  brush  on 
a  long  handle  by  a  soldier.  The  brush  must  be  used  for  no  other  purpose,  and  kept 
by  the  non-commissioned  oflBcer  in  charge  of  the  water-supply.  If  further  cleaning 
is  required  clean  ashes  should  be  used.  The  Larymore  boiler  should  be  filled  from  a 
tap  over  it.  Until  this  can  be  arranged  the  boiler  should  be  filled  by  open  metal 
buckets.  Under  no  circumstances  should  the  same  buckets  be  used  for  filling  the 
boilers  and  then  distributing  the  boiled  water.  This  is  a  dangerous  practice. 
The  water  should  be  carried  in  covered  buckets  from  the  boiler  to  the  large  zinc 
receptacles  (McNaraara's).  These  should  be  locked.  The  covered  buckets  should  be 
rinsed  out  with  boiled  water  daily  before  use  and  scrubbed  once  a  week  with  clean 
ashes  and  a  small  brush.  This  brush  must,  of  course,  be  under  the  care  of  the  non- 
commissioned officer  in  charge.  The  zinc  receptacles  should  be  scrubbed  out  with 
the  same  brush,  clean  ashes  and  boiling  water  once  a  fortnight.  As  these  vessels 
(buckets  and  receptacles,  are  for  storing  boiled  water,  it  is  obvious  that  only 
boiled  or  boiling  water  should  be  used  in  cleaning  them.  Tap  water  should 
never  be  used.  The  man  who  cleans  the  buckets  and  receptacles  should  wash  his 
hands  and  arms  with  soap  and  water  before  he  commences  his  work  of  cleaning. 
Each  large  zinc  receptacle  for  storing  water  should  be  provided  with  two  white  drill 
covers  reaching  to  four  inches  below  the  top.  "  A  string  should  be  run  round  the 
edge  so  that  the  cover  can  be  drawn  tight  round  the  receptacle.  This  is  to  keep  out 
dirt.  One  cov^r  is  required  for  use  while  another  is  at  the  wash.  Water  in  the  recept- 
acles should  be  pinked  with  permanganate  of  potash.  We  should  remember  that 
mere  pinking  does  not  make  impure  water  pure  ;  it  merely  delays  bacterial 
growth." 

The  water  from  the  zinc  receptacles  should  be  drawn  off  and  stored  in  soorakies 
(one  soorahie  of  two  gallons  capacity  with  a  narrow  neck  and  a  tin  cover  for 
every  six  men).  Wide -mouthed  chatties  into  which  a  man  can  get  his  hand 
should  never  be  used  for  storage  of  water ;  they  are  a  source  of  danger.  The 
date  of  issue  should  be  painted  on  the  soorahi*  and  once  a  month  all  soorakies  in 
use  should  be  broken.  During  the  month  the  soorahie  should  be  scalded  daily  and 
washed  out  with  permanganate  of  potassium  solution  once  every  week.  Boiled 
water  is  sterile,  so  that  any  microbes  reaching  it  can  readily  grow  as  they  are  not 
hindered  by  any  natural  enemies.  Once  water  has  been  sterilised,  every  endeavour 
must  be  made  to  keep  it  pure  and  free  from  infection.  The  soil  around  all  barracks 
18  probably  specifically  contaminated  with  enteric  fever,  and  possibly  dysentery, 
microbes,  and  carried  by  dust  to  water. 

Boiling  is  the  safest  method  of  sterilising  water,  and  when  com- 
bined with  reliable  filtration  is  also  the  best  method.  For  the  moment 
the  best  solution  of  the  water  diflBculty  on  field  service  would  appear 
to  be  to  provide  soldiers  with  water -bottles  in  which  they  can  boil  their 
own  drinking  water. 

On  field  service  the  water  should  be  as  free  as  possible  from  all 
organic  and  inorganic  impurities ;  it  should  be  hygienically  i^ure  at  its 
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source,  and  this  purity  should  be  maintained  till  the  water  reaches 
Its  ultimate  distribution,  and  be  likewise  kept  so  until  it  is  actually 
drunk  by  the  soldier. 

Boiling  of  water  for  field  army  always  a  serious  undertaking— 
foiling  water  ior  a  force  is  at  present  always  a  serious  undertaking 
and  under  certain  cricumstances  may  be  impossible,  and  when  this 
as  so,  hltration  may  have  to  be  relied  on.  It  should  be  uuderstood 
that  simple  mechanical  filtration  of  impurities,  producing  a  sparkling 
clear  water,  is  not  a  safeguard  from  disease-germs. 

Great  difficulties  were  experienced  by  the  Germans  in  endeavouring  to  provide 
safe  water  for  their  troops  iu  South-Western  Africa,  during  their  campaign  against 
the  Herreros.  Several  kinds  of  filter  and  heat  sterilising  apparatus  were  used. 
Some  of  the  filters  clogged,  others  did  not  sterilise.  A  large  type  of  steriliser 
piounted  ou  animals  was  on  trial,  but  the  apparatus  did  not  always  work  well,  and 
ill  a  country  where  dralt  animals  were  scarce,  transport  was 'a  mutter  of 'great 
ditSciilty  ;  eventually  these  sterilisers  had  to  be  confined  to  standing  camps  and 
hospitals.  Small  sterilisers  weie  also  tried  with  disappointing  results.  Iu  the  end 
the  soldier  was  instructed  to  do  his  owu  boiling. 

To  sterilise  water  on  a  small  scale  is  simple  enough,  and  practically  all  methods 
in  use-  boiling,  filtering,  chemical  proces-ses-  can  do  this  so  as  to  render  a  polluted 
water  fit  for  drinking.  Due  attention  to  the  details  of  each  method  is  always 
Eecess.T.rv,  but  none  of  them  are  difficult  to  carry  out.  To  supply  sterilised  water  to 
a  whole  force  on  field  service  is,  however,  not  so  simple  a  matter.  "  The  great 
difficulty  is  to  supply  purified  water  with  regularity  and  in  sufficient  quantity, 
amid  the  bustle  and  constautly  varying  conditions  which  are  inseparable  frem 
active  service  ;  and  to  make  arrangements  which  will  ensure  that  every  soldier 
iu  the  field  can  always  easily  obtain  safe  water,  no  matter  what  his  surroundings 
may  be,  and  so  that,  however  great  his  thirst,  be  will  not  be  tempted  to  drink  any 
foul  water  he  may  come  across." 

All  armies  who  have  attempted  to  .sterilise  water  in  the  field  have  recognised 
the  foregoing  facts.  "  Although  boiling  requires  no  special  plant  other  than  the 
camp  kettle,  yet  there  are  many  difficulties,  such  as  the  provision  of  fuel,  the 
time  taken  to  raise  the  water  to  boiling  point  and  the  time  taken  for  it  to  cool ; 
meanwhile  you  must  control  the  thirst  of  the  soldier,  and  in  the  end  offer  Lim 
water  that  is  often  unpalatable."  * 

Water-supply  of  Japanese  in  late  ManchurianWar.  — At  one  time  in  the  late 
war,  the  Japanese  used  a  water-cart  drawn  by  four  horses,  and  a  water  boiler  cart 
drawn  by  one  horse,  and  boiled  water  sterilisers  were  used  during  some  periods  of 
the  war.  As  the  boiling  water  sterilised  during  the  march,  the  soldiers  had  to  fill 
their  water-bottles  with  the  boiled  water.  During  the  latter  part  of  the  war,  port- 
able sterilising  filters  and  water  boilers,  fixed  on  the  one-horse  general  service 
waggon  were  issued  to  the  battalion  units.  Throughout  the  campaign  the  water- 
supply  receivtd  the  closest  attention.  When  they  had  to  get  water  from  a  stream 
or  river,  they  were  ordered  to  take  it  from  the  centre  of  the  stream,  so  as  to  avoid 
impurities  coming  from  the  banks  of  the  stream,  even  then  the  water  had  to  be 
boiled  before  they  drank  it.  The  greatest  care  was  taken  regarding  the  water  during 
night  marches,  when  there  was  not  sufficient  light  to  see  whether  the  water  was 
pure  or  otherwise.  The  Japanese  soldiers  are  instructed  during  peace  times  how  to 
draw  water  fmm  rivers,  and  how  to  filter  muddy  water.  Wells  which  produced 
good  drinkable  water  were  protected  by  sentries  "after  the  water  had  been  analysed. 
<jare  was  taken  not  to  allow  villagers  to  draw  water  promiscuously  from  a  well, 
for  fear  one  of  them  might  be  employed  by  the  enemy  to  poison  the  water. 


»  Major  T.MoCuLLOCK,  K.A.M.C.,  Journal  of  the  Royal  Army  Medical  Corps, 
April  1906,  p.4J. 
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Eefreshment  Stations  (with  sterilised  water)  provided  for  Japanese  troops 
during  Eusso-Japanese  War. — Refreshment  stations  were  established  at  as  many 
points  as  possible  on  the  lines  of  communication,  and  even  in  the  area  of  active 
operations.  There  were  two  or  thiee  soldiers  told  off  as  attendants  at  each  of  these 
stations,  and  they  had  boiling  water  ready  night  and  day.  Rough  benches  were 
erected  under  trees  in  summer,  and  guide  posts  were  put  up  at  the  sides  of  roads 
showing  the  way  to  these  stations.  In  the  fighting  line  men  used  their 
mess  tins  to  boil  water  in,  thus  strictly  obeyingr  orders  regarding  waler.  Later 
when  they  had  captured  the  kitchen  waggons  of  the  enemy,  they  used  these  largely 
for  boiling  water  in.  A  special  kind  of  filter  was  also  at  one  time  used  (Ishiji's)  in 
the  fighting  Hue,  where  no  smoke  was  allowed,  or  when  it  was  difficult  to  get  fuel. 
It  is  said  to  have  proved  most  efficient  in  destroying  bacteria  in  water,  andfor  con- 
verting bad  water  into  purified  drinking  water. 


The  Russian  soldiers  likewise  thoroughly  understood  the  import- 
ance of  sterilising  drinking  water  by  boiling,  and  during  a  large  part  of 
their  Manohurian  campaign  such  boiling  was  never  omitted  no  matter 
how  late  the  men  entered  a  billet  or  bivouac,  and  it  was  emphasised 
that  it  was  necessary  to  see  that  the  regulation  allowance  of  fuel  was 
provided  to  each  section  and  company  for  this  purpose. 

Mechanical  purification  of  w&ter— Filtration.— Filtration  is  the 
commonest  method  of  purification  employed.  It  is  used  in  practically 
all  water-works  on  the  plains  in  India,  and  when  the  filter-beds  are 
properly  constructed  and  the  working  well  supervised,  the  filtered  water 
is  to  all  intents  and  purposes  hygienically  pure. 

u  ,  ^Z,*?®  number  of  filters  on  the  market  at  the  present  day  the 
Berkefe  d  and  Pasteur-Chamberland,  and  others  on  the  same  principle 
are  undoubtedly  the  best.  ^  ' 

.,.'^J^^^^r}'^^^^'^^^\^r  -'^^^^^sential  part  of  a  Berkefeld  filter  is 

of  dl  om?  letter  is  composed 

of  diatoms  and  contains  by  its  ladder-like  and  interlacing  structme  a 

n'lTan^d  i  Zl  ^^^'^^      ^^^^^  ^  ^  -m^te 

vV^Tl\iu^y!  i       ^''''^^^  i*^  acts  as  such.    The  yield 

aea  materia  ,  and  the  frequejicy  with  which  the  filter  is  cleaned  When 

Cleaning  about  ^th  of  an  mob  is  removed,  thus  re-opeu- 

If  sucldenfv  uTmTL  ?  ''^  "''""R'^  temperature 

useless  "'^sL  w  tie  wZ"?'"  "'''S?"  "»J"="<=k  and' become 
-ie.    It  Us  bCL^te/^  if  £l:Z^ 
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for  troops  should  be  tested  baoteriologioally  before  use.  It  is  certain 
that  a  small  proportion  of  these  filters  do  not  sterilise  water,  probably 
from  having  cracks  or  fissures. 

When  the  working  of  Berkefeld  filters  is  carefully  supervised  and 
receives  strict  attention  to  detail,  they  are  quite  satisfactory,  and  yield 
a  water  that  is  practically  sterile.  Their  main  disadvantage  is  the  slow 
delivery  when  the  water  is  muddy  or  contains  an  excess  of  sedimentary 
matter.  With  trained  men  to  attend  to  this  detail  there  should  be  no 
difficulty  if  an  adequate  number  of  filters  are  provided.  When  water 
is  muddy  or  dirty,  one  of  the  most  obvious  requirements  in  their  use  is 
the  straining,  natural  sedimentation  by  subsidence,  or  artificial  pre- 
cipitation by  alum,  of  all  suspended  matter.  Water  may  be  rapidly 
strained  in  a  large  sheet  attached  to  a  wooden  frame,  and  allowed  to 
sag— it  thus  forms  a  sort  of  basin,  from  which  the  water  may  be 
collected  in  receivers  placed  below. 

The  Berkefeld  tap  filter  is  similar  in  principle.  It  is  connected 
with  the  water  service-pipe  at  D  (Fig.  13),  the  water  enters  the  outer 
cylinder  Gr  G,  and  passes,  under  pressure  of  the  water-supply,  through 
into  the  interior  of  the  inner  or  filtering  cylinder  C  C.  The  filtered  water 
passes  out  by  the  pipe  E.  The  tap  F  is  used  for  flushing  and  washing 
out  the  filter,  or  for  supplying  unfiltered  water  ;  and  the  screws  K  A 
are  for  the  joint  to  open  the  filter  case  for  removing  the  internal  or 
filtering  cylinder  for  cleaning.    This  filter  can  be  procured  in  various 


Fia.  13.— The  Berkefeld  tap  filter. 
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forms  from  the  Berkefeld  Filter  Company,  the  filtering  cylinders  being 
in  all  of  the  same  material ;  but  in  the  Glass  Table  Filters  and  other 
Drip  Filters,  where  there  is  no  pressure  from  the  Public  Water-supply, 
the  rate  of  filtration  is  necessarily  much  slower  being  about  a  pint  for 
each  filtering  cylinder  per  hour. 


Fig.  14.— Battery  of  Berkefeld  filters. 

The  Pasteur-Ohamberland  filter. — In  the  Pasteur-Chamberland 
filter  the  filtering  cylinder  is  composed  of  unglazed  porcelain,  and  in 
construction  is  similar  to  the  Berkefeld.  The  yield  of  water  is  much 
less  in  the  Pasteur-Chamberland  filter.  A  battery  of  12  candles  under 
a  pressure  of  70  lbs.  yields  only  about  20  gallons  per  hour.  This  filter 
works  well  for  four  days  after  which  it  requires  sterilisation  by  boiling. 
Any  great  increase  of  pressure  is  said  to  permit  germs  to  filter  through. 
These,  it  would  seem.,  grow  by  direct  contact  rather  than  by  being 
mechaniclly  filtered  through. 

The  candles  in  both  forms  may  be  protected  by  being  kept  in  a 
metal  case  or  a  glass  jacket.  When  the  filter  is  protected  in  this  way, 
it  may  be  attached  to  the  water  tap  when  the  pressure  from  the  main 
IS  sufficient  to  cause  fairly  rapid  filtration.  When  the  candle  is 
enclosed  in  a  metal  or  glass  jacket  a  space  intervenes  between  the 
two  above  and  at  the  sides,  where  they  are  fixed  together  by  a  screw 
tap,  with  an  opening  in  the  centre  for  the  passage  of  the  nozzle. 
When  used  by  travellers  the  encased  filter  may  be  connected  with 
a  hand-pump,  a  rubber  tube  dipping  into  the  source  whence  the  water 
18  drawn  for  filtration.  This  may  be  a  chatty  or  other  utensil,  a  river 
or  stream.  In  a  well,  the  rubber  tube  may  also  be  connected  direct 
with  the  water  and  pumped  up.  The  filtration  in  both  is  from  without 
inwards  and  the  supply  is  more  rapid  under  equal  pressure  from  the 
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Berkefeld.  When  a  large  supply  is  required  a  number  of  candles  may 
be  enclosed  in  one  filtering  reservoir.  They  may  be  used  on  a  large 
scale  also  for  the  supply  of  water  from  wells,  rivers,  or  reservoirs. 

For  rough  filtration  the  three-chatty  filter,  spongy-iron,  magnetic 
carbide,  polarite,  asbestos,  or  ordinary  sand  filter  may  be  used.  When 
used  for  rough  filtration  these  filters  must  be  regularly  cleaned  and 
boiled  at  least  weekly.  If  rough  filtration  cannot  be  carried  out  a 
small  quantity  of  alum  (6  grains  to  the  gallon)  clears  the  water  of 
suspended  matter,  and  the  cleared  water  can  then  be  drawn  oflF,  boiled 
and  filtered. 

There  is  little  to  choose  between  these  filters.  The  Pasteur- 
Cham  berland  is  the  stronger,  but  on  the  other  hand  it  filters  less  rapidly. 
Both  serve  the  purpose  equally  ;  while  the  candles  or  cylinders  of  the 
Berkefeld  filter  are  thicker,  they  are  also  more  delicate,  and,  being 
rather  brittle,  require  careful  handling.  These  filters  are  made  in  all 
sizes,  for  use  on  a  large  scale  and  for  single  households,  also  in  the 
portable  form.  No  other  filters  are  reliable ;  most  other  filters  are 
difficult  to  keep  clean  and  may  even  add  impurities  to  the  water. 

W^here  the  germs  of  infective  disease  are  contained  in  the  water 
under  filtration,  these  germs  can  in  four  days  work  their  way  right 
through  the  filter  into  the  filtered  water.  They  may  therefore  become  in 
time  most  seriously  infected.  Hence  the  necessity  of  sterilising  by 
boiling  these  filters  every  four  days,  and  when  they  are  used  in  the 
Army,  this  is  done  as  a  routine  matter.  This  boiling  ensures  the  death 
of  all  germs  that  have  been  caught  up  in  the  filter.  None  of  the  germs 
known  to  cause  disease  in  India  can  actually  pass  through  these 
filters,  but  they  can  grow  in  the  filter  and  eventually  by  their  multi- 
plication in  an  inward  direction  reach  the  filtered  water  and  so 
contaminate  it. 

All  sterilising  filters  should  be  taken  care  of  by  specially  trained 
men.  They  are  very  delicate,  the  candles  are  brittle,  especially  the 
Berkefeld,  and  have  to  be  handled  with  caution.  A  cracked  or  fissured 
filter  is  dangerous.  We  should  note  whether  the  rubber  conections  are 
acting  perfectly  and  that  there  are  no  fissures,  cracks,  or  other  source 
of  leakage  of  unfiltered  water  ;  the  great  test  is  the  speed  of  filtration  ; 
rapid  filtration  is  always  suspicious. 

Berkefeld  filters  made  up  in  forms  adapted  to  field  service  are  now  used  in  the 
armies  of  the  United  States,  Germany  and  Austria,  and  were  used  to  some  extent 
by  us  in  the  South  African  War.  In  these  forms  the  filter  usually  rests  on  a  double 
acting  hand-pump  attached  to  a  folding  tiipod ,  the  legs  of  which  are  so  arranged 
that  they  can  be  readily  folded  lor  transportation.  The  dimensions  of  the  ai)paratu8 
when  folded  together  are  2'  by  7"  by  G  ',the  weight  is  11  pounds,  and  the  cap  icity  of 
filtration  one-half  a  gallon  of  water  per  minute  A  Berkefeld  filter  without  tripod 
attachment  is  supplied  for  hospitals  on  service  in  the  Home  Army  and  is  packed  in 
the  dressing  and  sterilising  chest.  A  large  lierkefeld  filter,  containing  a  battery  of 
9  cylinders  mounted  in  a  substantial  wooden  frame,  and  intendud  for  carnage  on 
pack  animals  is  also  made,  and  supplies  4i  gallons  per  minute.  These  were  largely 
used  in  in  the  U.  S.  Army  in  the  Cuban  War. 
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These  apparatus  are  of  great  value,  but  they  are  difficult  to 
transport  with  rapidly  uioving  troops,  though  most  useful  in  all 
permanent  camps  and  on  the  lines  of  communication. 

The  portable  Pasteur-Chamberland  autoclave  filters,  as  adopted  in. 
the  French  Army,  weighs  lUO  pounds.  In  Dahomey  in  1892,  and. 
in  Madagascar  in  1894,  they  were  unsatisfactory  for  use  with 
marching  troops,  though  useful  for  standing  camps  or  hospitals-  They 
were  kept  clean  with  difficulty,  were  heiivy,  and  could  not  supply  a 
sufficient  quantity  of  Wf.ter  at  a  short  notice  at  the  end  of  a  march. 
During  the  Ashantee  Expedition  we  found  that  they  readily  clogged, 
were  difficult  to  work,  and  had  to  be  abandoned.  In  barracks  these 
filters  when  properly  looked  after  are  very  satisfactory.  lu  the  field, 
especially  during  an  active  campaign,  the  Berkefeld  filter  is  the  better, 
because  of  the  greater  amount  of  water  it  supplies.  The  transportation 
of  any  apparatus  of  this  character  may  often  be  a  matter  of  great 
difficulty.  In  cold  weather  and  on  our  Frontier  passes  in  winter, 
proper  care  should  he  taken  to  prevent  their  injury  by  freezing. 

Berkefeld  filters  for  officers'  messes- — All  officers'  messes  should 
have  a  good  Berkefeld  nr  Pasteur-Chamberland  filter,  with  a  supply 
of  spare  candles,  and  one  of  the  officers  should  be  held  responsible 
for  its  being  kept  thoroughly  clean  by  brushing,  sponging,  and 
occasional  sterilisation,  and  in  all  respects  in  good  working  order. 
Except  where  water  from  an  unimpeachable  source  is  obtained,  no 
water  should  be  drunk  that  has  not  passed  through  this  filter. 

When  travelling  in  the  jungles,  it  is  always  advisable  to  x^rovide 
ourselves  with  a  portable  filter  of  some  description,  for  sometimes  we 
have. unfortunately  to  drink  j/teei,  marsh,  tank,  or  other  impure  water 
under  such  circumstances.  The  best  filter  for  this  purpose  is  a  portable 
Berkefeld  filter  in  a  nickel  case  provided  with  a  rubber  tube  and  hand- 
pump.  In  tlie  absence  of  any  better  filter  an  ordinary  portable  carbon 
syphon  filter  is  better  than  no  filter  at  all. 

"  At  hoin,e  a  new  clarifying  and  filtering  cart  is  now  being  introdu- 
ced into  the  service.  The  cart  is  the  latest  i)attern  iron-tank  water-cart, 
of  108  gallons  capacity,  fitted  with  two  pumps,  two  clarifying  filters  and 
eight  Slack  and  Brownlow  filter  candles  for  sterilising  purposes.  There 
is  a  small  7-galIon  tank  at  the  back  of  the  cart  which  receives 
the  sterilised  water,  and  fitted  to  this  and  to  tubes  running  along 
each  side  of  the  cart  are  12  taps  from  which  water-bottles  may 
be  filled.  A  wooden  locker  for  carrying  spare  parts,  with  a  kettle  foV 
sterilising  candles,  strapped  on  the  top,  occupies  the  front  part  of  the 
cart"*  The  Slack  and  Brownlow  filter  is  a  composite  filter  which 
both  clarifies  and  filters  water,  and  this  combination  is  very  necessary 
in  the  field."  +  ^  y 

I 

Other  forms  of  filters- -Tliere  are  various  otlior  forms  of  filters  on  tlie  market 
uie  simplest  of  which  are  the  block  carbon  fillers  aiirt  the  silicon  carbon  filteis. 

*  Manual  of  Militan/  Sanitation,  1907,  yp  31,  32. 
t  Manual  of  Military  Sanitation,  1907,  p.  31. 
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iovered  ifB^^hT^^  Ton  J'  „  iti ^«  "Pon^.-iron  filter 
animal  charSi?  in  apSrance  It^T '""^f'^r''  P°'°"^'  resembles 
The  point  infavoSrofthrfilteris  tha  U  ^'"^^  ^T,"'""  calcination, 

and  hydrogen,  throv>4en  then  alta^h.  l  A  '  ^  ^^'^""^  °^  water  into  oxygen 
any  organise  mattLs  cortainecH.fl l  e  tatef  L^r^tllT  f '  ''"A^^'  ^"'"^'''^^ 
every  p.rt  of  it  should  be  accessible  for  cleaning.  '  °* 

dom?nfp'^Sr«^^t?'^^r/^f''r'', of  a  large  number  of  patent 
gSes  to  f^vpnt  th.  w  t  t'^e  form  of  loose  charcoal  pulverised  into 

ftherwiL  u'^o  J!  U«  iffi    ^  ''^l^^^ly-    It  "-^quires  regular  cleaning, 

of  Kco  d  fiUpt'  i  I M'  "  <=ri^'''''^^'^«'y  ti-^e.  Even  the  most  perfec 
reUed  oTto^  .  r  fV"^^  "n'  ^   n  ?  T^^^'^^y  sterile  water.    Charcoal  filters  cannot  be 

Avith  d?  tl^ifh  ILH  ""T":  ^"  '^"^"'^  filters  8°°"  l^'^'^o'^e  choked 

AVjtli  dirt  and  bacteria  and  require  to  be  cleansed  at  least  once  a  fortnight. 

m,  Jl°ri?;r3  hp!.'^Y'^^^^  '-^'^  o^ea  on  a  flat'iron  or 

f^  H  v  .trnn„  1  P,  yedne.s,  remove,  and  then  place  it  in  a  boiling  solution  of 
the  ?  frT^,  l^^"'"^'     T'"^.''  '"""^  l^"''^  sulphuric  acid  has  been  added,  and 

n  >  .frL.  :  Another  method  of  el eansing  carbon  filters  is  to  pass  through  them 
. Urn  ^nT.  potassium  (4  grains  to  the  ounce),  (2)  a 

TJZ  Jx  l^u'^^'^T''  °/  I'-V^/o^;''  one  acid  and  water  (1  ounce  to  i  gallons),  and 
UJ  another  4  gallons  ot  water  winch  has  been  boiled  and  allowed  to  cool.  These 
three  processes  are  required  bet  re  the  filter  is  again  taken  into  use. 

Various  methods  of  rough  filtration  and  purification  are  described 
in  lUanual  of  Military  Engineering,  pp.  71,  72.  Even  a  coarse  filtra- 
tion greatly  improves  water  so  long  as  the  media  employed  cannot 
themselves  impart  impurities  to  the  water.  There  are  numerous 
devices  for  effecting  some  simple  form  of  mechanical  filtration  of  water 
on  field  service.  Mere  filtration  through  sand  alone  does  not  remove 
the  injurious  agents  contained  in  impure  water,  although  it  clarifies  it. 

Improvised  filters.— In  the  field  it  is  often  necessary  to  improvise 
filters,  but  such  filters  serve  only  to  clarify  water  and  do  not  remove 
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Fig.  15.— Barrel  filter.  Fio.  16.— Barrel  filter, 

micro-organisms.  After  clarification,  the  water  should  be  sterilised  by 
other  means,  preferably  by  boiling. 

The  simplest  way  of  accomplishing  hasty  filtration  consists  in 
digging  a  pit  near  the  proposed  source  of  supply,  so  that  the  water  may 
percolate  through  the  soil  before  being  used.  A  more  satisfactory 
method  consists  in  sinking  a  barrel  or  box  in  sucli  a  pit  and  allowing 
water  to  pass  in  through  a  wooden  trough  packed  with  clean  sand, 
oravel  or  charcoal.  If  two  boxes  or  barrels  of  unequal  size  be  available, 
one  may  be  placed  inside  the  other  and  the  interspace  filled  with  clean 
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sand  or  suitable  filtering  material.  The  outer  barrel  is  pierced  by  small 
holes  near  the  bottom  and  the  inner  barrel  near  the  top,  the  whole 
being  partially  submerged  in  the  water  to  be  filtered  (Fig.  15). 


Fig.  17.— Box  filter.    (After  Parkes.) 

Where  the  water-supply  is  smaller  this  method  may  be  reversed, 
the  space  between  the  barrels  being  partially  nlled  with  filtering 
material  and  the  bottom  of  the  inner  barrel  being  removed  or,  better,  per- 
forated. Water  is  then  poured  in  above  the  filtering  material,  whence 
it  percolates  downwards  and  rises  to  its  proper  level  in  the  inner  barrel 
(Fig.  16.)  ^  ^ 

An  efficient  filtering  arrangement  may  be  improvised  by  boring  a 
small  hole  near  the  bottom  of  a  suitable  receptacle  and  partially  filling 
the  latter  with  layers  of  sand,  gravel,  and,  if  obtainable,  charcoal 
Ihe  water  to  be  clarified  is  poured  in  at  the  top,  passes  through  the 
filtering  medium  and  is  collected  as  it  emerges  from  the  aperture  below. 
4-1,        '''^^^  ^  '^'g^  be  at  hand  it  may  be  made  to  serve  both  for 

the  filtration  and  storage  of  water  by  dividing  it  into  four  compartments 
by  suitably  pierced  partitions.  Two  of  these  spaces  are  partially 
blled  with  sand,  charcoal  and  gravel,  or  small  pebbles,  the  muddy 
water  being  poured  in  a  chamber  at  one  extremity  and,  after  being 
twice  faltered,  removed  by  a  spigot  at  the  other  end  (Fig.  17).  This 
method  IS  perhaps  the  best  for  securing  improvised  filtration,  but  is  open 
to  the  practical  difficulty  of  making  the  partitions  sufficiently  tight  to 
prevent  the  possibility  of  a  leakage  of  unfiltered  water  from  one 
compartment  into  another. 

Two  barrels  of  different  sizes,  one  within  the  other,  w  th  a  layer 
ot  gravel  and  sand  between  them  will  largely  help  to  purify  an 


Pig.  18.— Improvised  barrel  filter. 
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impure  water  (Fig.  18)     Or,  water  is  taken  from  a  river  and  put  into  a 

A  Q 


Fjg,  ir".— Improvised  glass  or  flower-pot  filter. 

large  earthenware  pot  (A).  Alum  is  added  to  clarify  it.  The  clarified  water 
is  then  decanted  into  B,  which  consists  of  a  small  pot  inside  a  large  one, 
the  small  one  having  a  hole  punched  in  the  bottom.  The  space  between 
the  pots  is  packed  with  sand,  gravel,  and  vegetable  charcoal,  the  water 
being  poured  into  the  interspace.  A  further  filtration  is  carried  on  in 
another  similar  filter,  and  finally  the  filtered  water  is  boiled  (Fig.  19). 

The  Japanese  used  the  Ishiji  "filter,  which  consisted  of  a  canvas 
cone  with  two  protecting  arms  fitting  on  to  a  collapsible  metal  ring.  The 


FigL20. — "  Isliiji  "  cnmji  \va»er  filter, 
water  w  as  claiified  by  two  powders  and  parsed  through  a  block  of 
charcoal,  but  in  the  absence  of  the  powders  apd  the  charcoal,  wood 
ashes  or  alum  answers  very  well. 


GENERAL  HYGIENE. 


133 


Filters  depending  on  sponge,  cotton,  and  other  articles  liable 
to  decay  or  [lerish,  should  never  be  used. 

All  filters  are  repositories  for  the  impurities  of  water  —  a  form 
of  dust-bin.  They  take  up  and  retain  the  foreign  matter  they  have 
separated  from  the  water.  It  sliould  be  remembered  that  a  filter  may 
become  the  breeding  ground  of  germs,  and  may  thus,  if  not  kept 
clean,  give  rise  to  the  injurious  effects  it  is  intended  to  prevent.  They 
require  regular  and  thorough  cleaning.  A  foul  filter  is  most  dangerous, 
for  in  this  state  it  gives  to  the  water  the  impurities  it  has  previously 
removed.  A  foul  filter  is  worse  than  no  filter  at  all  ;  it  is  a  water 
polluter,  instead  of  a  water  purifier. 

However  bright  and  apparently  pure  a  water  may  be,  except  it  be 
from  some  primary  spring  remote  from  habitations,  and  on  elevated 
ground,  it  should  always  be  subjected  to  boiling  and  filtration,  for  a 
water  may  appear  unimpeachable  as  to  its  wholesoineness,  and  yet 
contain  the  germs  of  disease.  Filtration,  and  still  more,  filtration 
with  boiling,  lessens  the  keeping  power  of  water,  so  that  these  processes 
should  only  be  carried  oat  a  short  time  before  the  water  is  to  be  used. 

Apart  from  permanganating,  when  the  source  of  supply  is  obvi- 
ously polluted,  the  water  may  be  boiled  or  sterilised  by  other  means,  and 
if  this  cannot  be  done  it  may  be  actually  necessary  to  abandon  a  bad 
water-supply.  One  hesitates  to  recommend  boiling  of  water  in  the 
Native  Army  on  all  occasions  where  the  quality  is  considered  lower 
than  a  first  class  water,  because  of  the  difficulties  to  be  contended 
with.  Wood  may  be  scarce  and  in  wet  weather  damp,  and  so  will 
not  burn  ;  the  water  has  to  cool;  a  number  of  additional  utensils  are 
required  ;  and  it  is  a  great  strain  on  hot  and  thirsty  men  after  a 
severe  march,  to  wait  until  all  this  is  carried  out.  If  the  field  equip- 
ment of  the  Native  Army  included  sterilising  water-carts,  or  other  form  of 
portable  sterilisers  one  would  have  no  hesitation  in  recommending  that  all 
water  for  drinking  purposes  should  be  boiled  before  use  on  field  service. 
The  common  source  of  supply  for  British  troops  will  be  water  sterilised 
by  the  field  service  filter  water-carts,  and  whenever  roads  permit 
some  form  of  water  sterilising  cart  should  invariably  be  used  for  them. 

"  Whenever  filters,  sterilisers,  or  other  means  of  purifying  water 
are  available,  two  men  per  company  should  be  specially  selected  for  the 
purpose  of  providing  pure  water.  Vessels  or  tanks  in  which  drinking 
water  is  stood  are  to  be  carefully  covered  to  keep  out  dust,  etc.,  and 
they  should  be  raised  off  the  ground."* 

The  men  must  be  taught  never  to  drink  unauthorised  water.  This 
rule  must  be  rigidly  enforced  under  all  circumstances,  in  garrison  and 
in  the  field.  "  Every  officer  is  responsible  that  all  orders  affecting  the 
health  of  the  Army,  especially  those  relating  to  water-supply,  are  rigidly 
carried  out  by  tiie  troops  under  his  command.  Neglect  of  sanitary 
precautions  eventually  results  in  great  loss  of  life  and  eflaciency."t 


*  Combined  Training,  1905,  p.  4G. 
t  ^6.,  p.  46. 
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"  As  the  health  of  the  force  depends  lamely  on  the  nuritv  nf  f>,. 

runlT^'^'r-T'^'^"^^  possible'.„ust  be'done  ^o  ensu're  l'n  11' 
supply  of  pure  drinking  water.  Men  must  be  prevented  from  driS 
water  tha  is  not  pure     Water  is  best  rendered  safe  for  drinking  purposi 

Kept  clean,  as  otherwise  they  become  dangerous.  "*  "  ; 

"  Whenever  it  is  possible,  and  except  when  actually  in  touch  with' 
the  enemy,  it  is  usually  possible,  arrangements  should  be  made  to  have 
an  adequate  quantity  of  sterilised  and  cooled  water  or  tea  ready  for 
the  men  when  they  reach  camp." 

After  weighing  all  the  conditions  associated  with  our  Indian 
Frontier  Warfare,  one  has  come  to  the  conclusion  that  boilino-  is  the 
most  practicable  way  of  sterilising  the  water-supply  for  troon^  One 
recognises  this  as  a  bold  recommendation,  and  knowing  how  difficult 
of  introduction  it  is,  in  our  Native  Army  at  least,  it  might  be  con- 
sidered to  be  impracticable.  This  is  not  so,  and  one  feels  that  until 
some  more  reliable  means  is  discovered,  the  difficulties  connected  with 
fuel,  extra  labour,  supervision,  and  detail  of  working  in  boiling  water 
for  all.  troops  in  our  Army  in  India  on  field  service,  must  be  overcome- 
somehow.  Boiling  and  filtering  apparatus  can,  of  course,  be  easily  used 
in  standing  camps. 

The  water-supply  of  European  troops  must  always  be  under 
responsible  European  supervision,  and  whenever  possible  this  should 
be  the  case  also  with  regard  to  Native  troops  until  Native  officers 
non-commissioned  officers  and  men  are  made  thoroughly  familiar 
with  the  dangers  attending  the  use  of  contaminated  water.  It  is  of 
importance  to  have  no  possible  alternative  water-supply  for  European 
or  Native  troops,  for  in  that  case  the  one  not  authorised  will  often  be 
used  with  disastrous  consequences. 

No  sanitary  regulations  can  make  provisions  against  all  accidents 
but  apart  from  very  exceptional  contingencies  it  should  be  possible 
to  guard  against  all  water-borne  disease  in  soldiers  by  due  regard 
to  the  water-supply. 

Aerated  waters. — The  various  forms  of  aerated  water  (of  which 
soda-water  may  be  taken  as  the  type)  owe  their  sharp,  characteristic 
taste,  and  sparkling  appearance,  to  the  air  and  carbonic  acid  they 
contain.  The  air  and  carbonic  acid  in  aerated  waters  do  not  render 
these  beverages  less  dangerous,  if  the  water  employed  is  previously 
impregnated  with  impurities,  and  it  is  well  to  remember  that  aerated 
water  manufacturers  of  bazaars  are  not  always  particular  as  to  the 
source  of  the  water  used.  We  have  seen  an  instance  in  which  aerated 
waters  were  prepared  from  the  unfiltered  water  of  a /,;ate/ta  tank.  Aq 
analysis  of  this  water  showed  an  abundance  of  vegetable  germs.  The 

*  Combined  Traininff,  1905,  p.  46. 
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use  of  aerated  waters,  prepared  from  uufiltered,  impure  water  is  very 
little  less  dangerous  than  the  use  of  the  impure  water  itself.  We  repeat 
this  assertion  as  there  is  an  erroneous  impression _  abroad  that 
aerated  waters  have  a  self-purifying  property.  This  is  a  delusion. 
Aerated  water  factories  should  be  thoroughly  supervised  by  all  local, 
municipal  and  cantonment  authorities,  and  the  filtering  apparatus  of 
these  establishments  carefully  seen  to.  We  feel  convinced  that  it  is 
much  safer  to  use  pure,  boiled  or  filtered,  drinking  water,  than  the 
aerated  waters  generally  met  with  in  bazaars.  This  remark  does  not 
apply  to  those  of  large  cantonments,  where  such  manufactories  are 
strictly  superintended,  but  it  certainly  does  to  small  towns  and  muni- 
cipalities, where  strict  supervision  is  absent.  One  has  never  seen  a 
bazaar  aerated  water  factory  in  which  there  were  not  numerous  possible 
channels  of  infection  of  the  water  used. 

Aerated  water  is  prepared  as  follows: — (Ij  Carbonic  acid  is  genera- 
ted by  the  action  of  sulphuric  acid  on  chalk,  sulphate  of  lime  being  left 
behind,  or  (2)  liquid  carbonic  acid  gas  contained  in  iron  cylinders  is 
allowed  to  escape  in  the  gaseous  form  into  bottles  containing  the  water 
to  be  charged.  The  carbonic  acid  is  forced  into  the  water  which 
dissolves  about  five  times  its  volume  of  the  gas.  It  is  merely  a  solution 
of  carbonic  acid  in  water  under  high  pressure.  Aerated  water  is  some- 
times incorrectly  called  soda-tvater.  Real  soda-water  has  30  grains  of 
bicarbonate  of  soda  to  the  pint,  and  should  only  be  used  medicinally. 

Where  water  has  to  be  stored  in  the  factory  the  cistern  should 
be  kept  covered  and  accessible  only  at  the  tap.  The  cistern  should  be 
cleaned  out  every  fortnight.  Disease  microbes  are  killed  in  all 
well-made  aerated  waters  in  course  of  time.  The'  minimum  period  in 
which  this  is  effected  for  all  germs  is  probably  about  a  week. 
Therefore  all  aerated  water,  unless  made  from  boiled  water  or  water 
that  has  been  passed  through  an  efficient  sterilising  filter,  should  be 
kept  a  week  before  use.  This  means  that  either  the  water  should  be 
reliably  sterilised,  or  that  a  large  stock  of  bottles  should  be  in  use,  and 
the  filled  bottles  properly  arranged  so  as  to  issue  the  week  old  ones  only. 

All  aerated  water  factories  should  be  subjected  to  frequent  inspec- 
tions as  regards  the  arrangements  for  sterilising  the  water  l^sed,  for 
washing  the  bottles,  the  qualit.y  of  the  various  syrups  employed  in 
making  different  beverages,  sanitary  state  of  the  premises,  position  and 
condition  of  the  latrine  (if  there  is  one),  etc. 

Ice. — As  a  considerable  quantity  of  aitificially  prepared  ice  is 
consumed  in  India,  it  may  not  be  out  of  place  to  mfike  a  few  remarks 
concerning  ice.  Natural  ice  results  from  the  freezing  or  crystallization 
of  rain  water  or  snow.  On  melting  it  yields  an  exceedingly  pure 
water.  Daring  the  freezing  process  it  gets  rid  of  the  gases,  most  of 
the  mineral  and  much  of  the  organic  impurities  contained  lu  the 
water  previously.  The  absence  of  gases  and  all  mineral  matter  renders 
It  insipid  and  devoid  of  that  freshness  and  sparkle  so  much  appreciated 
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^Ar^^^r!7r^  "^^^^^^  ^^tt^"-  r^^d^rs   it  soft, 

water  from  wh  cl.it  IS  prepared  be  of  doubtful  quality,  the  possibility 
remain  m  it  when  frozen. 

Ice  should  be  made  from  the  best  available  water,  and  when 
trie  water  is  not  from  a  reliable  public  supply  of  proved  whole- 
someness,  it  should  be  sterilised  by  boiling  before  being  used.  If 
biters  are  m  use  in  ice  factories,  they  should  be  inspected  by  some 
responsible  authority.  The  ice  should  also  be  periodically  analysed. 
I  he  freezing  ot  water  does  not  destroy  disease-germ— it  temporarily 
suspends  their  vitality,  which  is  renewed  wlien  the  ice  liquefies  once 
more,  and  the^e  germs  can  then  multiply.  Ice  made  in  bazaars  is 
olten  highly-  impure  and  may  contain  the  germs  of  disease,  such  as 
those  of  typhoid  fever,  dysentery  and  cholera.  One  has  analysed  ice 
manufactured  from  the  water  of  a  marsh  pool  containing  9u  grains  of 
organic  matter  to  the  gallon,  and  swarming  with  bacteria. 

Ice  for  sick,  wounded,  and  sunstroke  cases.— When  a  field  force 
IS  within  a  reasonable  distance  of  the  line  of  railway  in  hot  weather, 
the  necessity  of  getting  up  a  supply  of  ice  for  the  sick  and  wounded^ 
and  for  possible  cases  of  sunstroke,  should  not  be  forgotten. 

How  to  keep  water  cool  without  ice.  — Although  it  is  somewhat 
doubtful  as  to  whether  the  general  use  of  ice  to  cool  beverages  under 
ordinary  circumstances  is  an  advantage  to  health,  there  is  no  doubt  that  a 
draught  of  cool  pure  water  is  exceedingly  refreshing  to  the  thirsty  in  hot 
weather.  Water  may  be  kept  cool  without  the  aid  of  ice  by  the  following 
simple  plan  Place  several  bottles  of  water,  covered  with  straw,  in  a 
coverless  perforated  box  or  in  a  basket.  Sprinkle  water  over  the  straw 
every  now  and  then,  so  as  to  keep  the  straw  constantly  damp,  and  have  the 
box  or  basket  suspended  and  swung  to  and  fro.  Tlie  dry  heated  air, 
coming  into  contact  with  the  bottles,  causes  the  sprinkled  water  to 
evaporate  In  this  vaporization  the  heat  of  the  water  in  the  bottles  is 
abstracted. 

Milk  infection  from  contaminated  water. — Another  item  we  must 
notice  here  is  the  dilution  of  milk  by  bazaar  or  village  milk-sellers 
(gowallahs).  That  these  men  adulterate  their  milk  with  water  is  notori- 
ous. The  water  chosen  is  often  from  some  shallow  polluted  pool,  close 
at  hand,  or  from  surface  wells,  etc.  During  seasons  of  epidemic  typhoid 
fever,  diarrhoea  and  cholera,  we  have  no  hesitation  in  recommending 
the  use  of  condensed  milk  in  the  absence  of  fresh  milk  of  reliable 
quality.  There  are  now  many  instances  on  record  where  the  dilution 
of  milk  with  impure  water  has  led  to  outbreaks  of  epidemic  disease. 
One  has  recently  investigated  the  milk  supply  of  a  garrison  consisting 
of  four  Native  regiments,  and  demonstrated  that  every  IOC  parts  of 
so-called  milk  contained  51  parts  of  water.  For  further  remarks  on 
milk-borne  disease  see  article  on  Milk  in  the  section  on  Food. 
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AIR  AND  VENTILATION. 
A — AlK. 

Air  is  the  prime  necessity  of  life  ;  tlie  quality  of  the  air  breathed 
has  an  important  influence  on  the  state  of  the  health-  of  troops  as  on  all 
other  people,  and  it  is  no  exaggeration  to  state  that  the  impurities  in 
the  air  of  barrack-rooms  in  cantonments  and  in  tents  on  the  march, 
during  manoeuvres,  and  on  field  service,  are  answerable  for  a  great  deal  of 
sickness.  Progressively  increasing  evidence  tells  us  that  a  vast  amount 
of  sickness  in  our  Army  in  India  and  in  the  field  arises  from  impure  air. 
A  brief  consideration  of  the  facts  in  connection  with  air  and  ventilation 
will  help  to  explain  why  impure  air  is  so  deleterious  to  health. 

Before  we  can  properly  understand  how  impure  air  affects  the  health 
of  troops  it  is  necessary  to  have  an  elementary  knowledge  regarding  the 
anatomy  and  physiology  of  the  organs  of  respiration  and  circulation. 

Organs  of  respiration— The  organs  of  respiration  include  the 
mow^/i,_7wseandyiar2/7ia;.  the  ^ar^/ua;,  the  irac/iea  or  windpipe  and 
bronclii,  the  hmgs,  and  the  cheat  ivalis  or  thorax. 

.,    The  mouth. -The  cavity  of  the  mouth  is  bounded  oa  each  side  by  the  cheeks 
the  flooris  tormed  by  the  tongue,  and  the  roof  by  the  palate.    The  front  portion  of 
the  palate  is  hard,  consisting  of  a  bony  plate,  and  is  termed  the  ^ro-i^  the 
pSpi^tho        f^'.'^r^i^^t^f  'Vhin  sheet  of  muscle  and  mucous  membrS   and  is 
called  the  soft  palate.    The  soft  palate  carries  a  prolongation  termed  the  uvula 

When  the  soft  palate  is  fully  depressed  it  divides  the  mouth  from  thp  uharvn^r 
When  It  is  drawn  up  over  the  posterior  onpnincya  r^f  h^o  ^'""^  ^'^s  Pharynx, 

shuts  off  the  cavity  of  the  nose  t^rom  Uie  pharynx^   °*  "'^''^^^ 

municatiou  bv  fine  nerve  fihrps  with  fiiQ              c^iiuicnai  ueiis  orougnt  into  com- 

the  sense  of  smell.    The  a!r  shou  d  ^^^^^^                uerves,  which  are  the  nerves  of 
the  nose,  aad  not  throu^i  the  moL     S '-"^^^^ 

that  they  act  as  a  filter  ^°se  are  so  arranged 

likeasmiu^hv^nguSrboTs^^  «l^ape  it  is  something 

the  mouth  and  trachea  or'  wi  ulpf™    a  id  h^J  •^w*,^'''''!  ^^^t^-^en 

composed  of  gristle  or  cartK?  it'  on  wii  f.f  ^''^to^^g^e    It  is  chiefly 

tk/jroid,  which  is  the  prominenfpart  seeTi  1  tL  n.f  ,Hf"r'  ^^/Y^il'iges  called  the 
chin  ;  the  cnW,  which  is TcomnlPfP  v         f^^'^^  "'^'^^^  below  the 

andthe.p/^fo^f/;,  which  is  abovH  i  Lf  ^^  cartilage  just  below  the  thyroid, 
of  small  cartilages  more  or  less  emb^^^^^^^^^      "^If  It  has  also  three  p.irs 

mucous  membrane  and  surrouXd  hv  h  '  '  ^'"''rt  by 

of  the  larynx  the  mucous  meSa^e  o^i  I Llf  "'f '  °l       ^'"'.y"'^'-    ^ "  "''^  ^"teridr 
that  constitute  the  yoca/ co/y  ,  thp^,??,  <^'^ch  side  is  thrown  into  transverse  folds 
lower  the  true  vocal  cor  Is     t  he  a^\^rov  '^"^ 
cords  the  changes  in  ti  e  pitch  oi  i  h^^       ""^*'""       reparation  of  the  true  vocal 
true  vocal  cords  is  c'llWl  t^  P      ^  -      y'''?'' l'i'0^1"ced.    Tlie  space  between  the 

gular  during  inspiration     Tli«,V-     '^P"  '^""I"?  expiration,  and  large  and  trian- 
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Fig.  20a.— Bronchi  aud  lungs. 


The  position  of  the  larynx  in  the  neck  is  marked  by  a  prominence  in  the 
middle  line,  below  the  chin,  ■which  is  popularly  known  as  "Adam's  apple. 

The  trachea  or  windpipe  and  bronchi- — Below  the  larynx  is  the  trachea  or 
windpipe.  This  is  an  elastic  tube,  strengthened  by  C-shaped  rings  of  cartilage 
embedded  in  softer  tissues  ;  the  incomplete  part  of  the  rings  are  behind.  The  food-pipe 
is  attached  to,  and  j^laced  behind,  the  trachea,  and  runs  almost  parallel  with  it. 
Bhortly  after  entering  the  cavity  of  the  chest,  the  trachea  divides  into  two  smaller 
tubes,  called  the  right  and  left  bronchi,  vrlnch  still  further  sub-divide  and  pass  into 
the  substance  of  the  lungs,  like  the  branches  of  a  tree.  At  length,  these  bronchial 
^2<6es  end  in  clusters  of  extremely  small  and  fine  air-cells.  The  stiff  cartilaginous 
rings  of  the  trachea  and  bronchi  disappear  gradually  as  we  approach  the  smallest 
bronchial  tubes.  This  arrangement  allows  the  larger  bronchial  tubes  tc  be  con- 
stantly open,  whilst  the  smaller,  being  elastic  and  containing  muscular  fibres,  can 
vary  their  diameter.  The  smallest  divisions  of  the  bronchial  tubes  are  called 
bronchioles. 

The  lungs. — The  lungs  are  situated  in  the  chest.  They  are  the  organs  of  res- 
piration in  which  the  impure  venous  blood  is  oxidised  by  the  air  drawn  through  the 
windpipe  and  bronchi  into  the  air-cells.  The  right  lung  has  three,  and  the  left 
laagtyvo  lobes.  At  the  root  of  each  lung  a  bronchus  audits  artery,  and  the  pul- 
monary artery  and  nerves  enter,  and  tbe  pulmonary  and  bronchial  veins,  and 
lymphatic  vessels,  leave.  The  lung  itself  consists  of  minute  air-cells  held  in  place 
by  connective  tissue.  The  average  weight  of  the  adult  right  lung  is  22,  and  the  left 
20  ounces.  The  ramifications  of  the  bronchial  tubes  and  the  air-sacs  arc  lined  with 
mucous  membrane,  which  is  very  deliciile  and  sensitive  to  the  presence  of  anything 
except  air.  If  the  inspired  air  contains  many  particles  of  dust,  these  latter  excite 
coughing,  and  by  this  means  we  get  rid  of  the  offending  bodies.    Along  the  lining  of 
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all  parts  of  the  air-pnssages  as  far  as  thelair-cells,  are  minute  filaments  of  protoplasm 
called  c/A'ff,  which  are  attached  to  epithelial  cells  and  in  constant  motion,  like  an 


Fig.  21.— Air-cells. 

field  of  wheat  stirred  by  a  gentle  breeze.  These  cilia  serve  to  fan  the  air  in  the 
lungs,  and  to  produce  an  outward  current,  which  is  useful  in  catching  dust  and 
fine  particles  swept  inward  with  the  breath. 

The  air-sacs  which  we  have  mentioned  form  the  true  substance  of  the  lungs 
and  give  these  organs  their  sponge-like  character.     Their  walls  are  very  thin, 
delicate  and  elastic,  and  contain  a  large  number  of  minute  blood  vessels  called 
capillaries.    The  air-sacs  are  so  hollowed  out  that  a  single  wall  separates  two 
adjoining  cells.    The  air  taken  into  the  lungs  enters  them,  and,  from  the  thinness 
ot  their  wall,  comes  almost  into  contact  with  the  blood  vessels,  there  being  only 
a  very  thin  film  of  membrane  between  them.    A  number  of  the  waste  or  effete 
materials  not  required  by  the  blood  are  thrown  off  through  this  thin  membrane  •  and 
on  the  other  hand,  the  blood  abstracts  from  the  air  that  which  it  wants,  namely, 
oxygen.    The  oxygen  so  taken  up  by  the  blood  is  conveyed  through  the  left  side  of 
the  heart  to  the  different  parts  of  the  body.    Here  it  loses  some  of  its  o.fygen  the 
tissues  taking  it  as  part  of  their  food  with  avidity.    But  the  tissues,  in  removing 
the  oxygen  trom  the  blood,  give  to  it  in  return  their  waste  matters  and  harmful 
products,  some  of  which  are  carried  back  to  the  lungs,  and  are  largely  given  out  to 
the  airm  the  air -sacs,  to  be  exhaled.    It  is  by  this  natural  contrivance  that  the 
blood  IS  changed  from  being  dark  red  and  impure,  to  bright  red  and  pure.    It  is 
only  m  tliis  bright  condition  that  it  is  fit  to  nourish  the  tissues  of  the   body  In 
tlie  lungs  abjut  8  pints  of  blood  comes  into  contact  with  the  air  of  the  air-sacs 

The  pleurae.— The  lungs  are  surrounded  and  enclosed  by  a  fine  delicate  mem- 
?X?i7i  pW  the  two  layers  of  the  sac  being 

wii,  J  w^  "    The  wall  ot  each  sac  is  divided  into  two  parts,  one  part,  thi 

Tnd  hPv  io„2?n^"  .^^'fl^''.^^*'^^  °*  pleural  sacs  are  only  potential  cavities, 
mrietniVe^  1^.?,,^"'*  ^I'^^"^"*  A^^d  to  prevent  friction  between  the  visceral  and 
buriE  e  thertL  r"^.^^'^'"°^'"''"*'°^<^'^«'°^^  ^""i  thorax  in  breathing, 
lunV  rSmP^  nnn'  ^sceral  pleura  is  perforated  and  air  is  admitted,  the 

infkred  fnfpnH^l^  flP-^?''n'  ^^^'^  °*  ^^i-  ^hen  the  pleura  becomes 

inllamed  (pleurisy),  fluid  often  collects  in  the  pleural  cavity  (pleuritic  effusion). 

Rnfl  h7p  or  Chest  walls. -The  cavity  of  the  thornx  or  chesc  contains  the  heart 
trachL    i  fhrnnH^^^  Springing  from  and  opening  into  it.  the  lungs,  the 

trachea,  the  bronchial  tubes  or  air-pipes  and  the  gullet  or  food-pipe. 

_  By  breathing,  we  cause  the  air  to  enter  and  leave  the  chest.  The 
air  IS  conveyed  into  and  from  the  lungs,  through  the  windpipe.  Each 
respiration  consists  of  two  acts— inspiration,  or  taking  air  into  the 
cnest ;  and  expiration,  or  expelling  it. 
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Inspiration — When  we  draw  in  a  full  breath,  we  unconsciously 
straighten  the  spine  and  fix  the  head  and  shoulders,  so  that  the  muscles 
that  expand  the  chest  may  act  to  the  greatest  advantage.  At  the  same 
time,  the  dicqjhrag m*  descends  and  presses  the  walls  of  the  nbdomeni 
outwards.  By  these  means  the  size  of  the  chest  is  increased  and  the 
elastic  lungs  expand  to  occupy  the  extra  space;  while  the  air  rushes  in 
along  the  windpipe  and  bronchial  tubes,  and  reaches  the  air-sacs. 

Expiration. — If  we  expel  the  air  from  the  chest,  the  operation  is 
reversed  :  we  draw  in  the  abdominal  walls,  and  the  diaphragm 
ascends;  all  together  lessening  the  size  of  the  chest  cavity  and 
sending  the  air  from  the  lungs. 

At  each  breath  an  adult  inspires  25  or  30  cubic  inches  of  air,  but 
a  much  larger  quantity  may  be  inhaled. 

Mechanism  of  respiration.— The  blood  in  the  lungs  is  constantly 
absorbing  0  and  giving  up  CO.^  in  exchange.  To  eflfect  this  the  air  in 
the  air-cells  of  the  lungs  has  to  be  constantly  renewed.  The  mechanism 
of  respiration  teaches  us  the  method  by  which  this  is  carried  out.  The 
cavity  of  the  chest  is  a  closed  air-tight  chamber  connected  with  the 
external  air  by  the  windpipe.  The  pressure  of  the  air  in  the  lungs 
keeps  the  lungs  stretched  and  in  contact  with  the  chest  walls.  The  con- 
traction of  the  diaphragm  causes  the  lungs  to  be  pulled  down  and  the 
cavity  of  the  chest  to  be  enlarged.  When  the  diaphragm  relaxes  the 
size  of  the  chest  is  lessened.  The  up  and  down  movements  of  the 
diaphragm  are  the  chief  movements  of  ordinary  breathing.  The  chest 
is  also  enlarged  by  the  ribs  being  raised  by  certain  of  the  muscles 
between  the  ribs  (the  intercostal  muscles).  One  set  of  these  contract 
and  pull  up  the  ribs  which  are  fastened  behind  to  the  spinal 
column,  and  (those  of  the  upper  seven  ribs)  to  the  breast-plate  in  front. 
When  the  ribs  are  raised  they  push  the  breast-plate  out  or  forwards  in 
front  and  then  the  chest  is  enlarged  all  round.  This  latter  enlarge- 
ment occurs  at  the  same  time  that  the  diaphragm  contracts,  so  tliat 
the  thorax  is  enlarged  on  all  sides.  A  certain  quantity  of  air  then 
rushes  into  the  lungs — these  two  actions  represent  inspiration. 

Immediately  following  inspiration  the  diaphragm  relaxes  and 
ascends,  and  at  the  same  time  another  set  of  intercostal  muscles  begin 
to  pull  the  ribs  and  breast-plate  down.  These  combined  movements, 
together  with  the  natural  elastic  recoil  of  the  lungs,  diminish  the  cavity 
of  the  chest,  and  consequently  the  same  quantity  of  air  is  driven  out  of 
the  chest  that  entered  during  inspiration.  This  is  expiration.  The 
lungs  are  highly  elastic,  expand  with  inspiration  and  recoil  in  expira- 
tion.   Between  inspiration  and  expiration  there  is  a  short  pause. 

The  inspiratory  part  of  ordinary  quiet  breathing  is  performed 
mainly  by  the  diaphragm,  and  the  exi)iratory  part  by  the  elastic  recoil 
of  the  cheEt  walls  and  lung  tissue.  A  healthy  man  when  at  rest 
breathes  about  15  to  18  times  a  minute. 


*  The  broad  muscular  partition  between  the  thoracic  and  the  abdominal  cavities, 
t  The  cavity  that  contains  the  organs  of  digestion. 
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The  actual  quantity  of  air  drawn  into  the  lungs  at  each  inspiration 
varies  according  to  constitution,  built  of  chest,  and  other  circumstances. 
In  an  adult  it  is  about  30  cubic  inches,  and  it  may  be  said  that  in  an 
ordinary  inspiration  without  any  effort  an  adult  inspires  about  a  pint  of 
air;  by  practice,  however,  as  much  as  9^  pints  of  air  have  been  inhaled. 

Capacity  of  the  lungs- — The  full  capacity  of  the  lungs  of  an 
adult  man  of  5  feet  8  inches  in  height  is  about  330  cubic  inches.  At 
each  ordinary  inspiration  about  30  cubic  inches  of  air  enter  the  lungs. 
This  is  called  tidal  air.  After  each  ordinary  respiration  about  200 
cubic  inches  of  air  remain  in  the  lungs — this  is  termed  stationary  air. 
By  a  deep  expiration  about  100  more  cubic  inches  can  be  expelled — 
this  is  called  suj^J^lemental  air.  The  remaining  100  cubic  inches  is 
called  residual  air — this  cannot  be  expelled.  By  taking  a  deep 
inspiration  100  cubic  inches  extra  can  be  inspired  (making  the  full 
capacity  to  330  cubic  inches)  ;  this  is  called  complemental  air. 

If  we  take  a  deep  inspiration  and  then  forcibly  exhale  all  the  air 
we  can  expel  from  the  lungs,  this  amount,  which  is  called  the  breath- 
ing- capacity  or  vital  capacity  of  the  lungs,  will  bear  a  close  corre- 
spondence to  the  stature.  For  a  man  of  5  feet  8  inches  in  height  it 
will  be  about  230  cubic  inches  or  about  a  gallon,  and  for  each  inch  of 
height  between  5  feet  8  inches  and  6  feet  there  will  be  an  increase 
of  8  cubic  inches.  As  just  stated  another  100  cubic  inches  can  be 
forced  into  the  lungs  by  an  extra  effort,  and  is  available  for  emer- 
gencies, or  for  purposes  of  training,  as  in  singing,  climbing,  etc. 
This  is  of  great  importance,  since,  if  the  capacity  of  the  lungs  only 
equalled  our  momentary  wants,  the  least  obstruction  would  be 
dangerous  to  life. 

It  is  by  reason  of  the  presence  of  the  large  volume  of  stationary 
air  that  we  are  enabled  to  hold  our  breath  for  a  time  without  fatal 
consequences.  It  is  to  the  presence  of  this  that  diving  is  possible, 
and  by  the  existence  of  the  residual  and  complemental  air,  which  is 
being  constantly  renewed,  the  action  of  the  air  in  the  purification  of 
the  blood  is  rendered  continuous.  In  the  act  of  inspiration  the  air  is 
not  drawn  into  the  ultimate  divisions  of  the  lungs,  the  air-cells  it 
roaches  only  the  smaller  bronchial  tubes,  whence  it  passes  to  the 
air-cells  by  gaseous  diffusion. 


Effects  of  Indian  climate  on  respiration  in  Europeans— As 

regards  the  European  in  India  the  following  has  been  shown  The 
capacity  of  the  chest  for  air  is  greater  in  India  tlian  in  Europe  the 
increase  amounting  to  7  to  8  per  cent.  This  is  due  to  the  fact  that 
the  lungs  contain  less  blood  and  hence  more  room  for  air.  The  fre 
quency  of  the  respiration  is  decreased,  and  the  respiratory  act  is  as 
a  whole  lessened.  This  is  due  to  the  fact  that  although  the  chest 
capacity  is  greater,  yet  the  diminished  respirations  more  than  counter 
balance  it  and  moreover,  heated  air  contains  less  oxygen  per  cubip 
foot,  which  further  reduces  the  total  consumption.    The  elimination 


142 


PREVENTION  OF  DISEASE. 


Of  carbonic  acid  gas  is  decreased  owing  to  the  fact  that  the  amount 
thrown  off  bears  a  ratio  to  the  quantity  of  air  inspired. 

hi  A^R^''^^^  °^  "'^''^^^  *°  ^^^^^^^^  blood—This  change  occurs  as  the 
blood  flo^v-s  through  the  capillaries  of  the  air-cells.  Through  the  del  cate 
walls  of  these  cells  gases  readily  diffuse.  The  venous  blood  from  the 
r;ghfc  side  of  the  heart  is  heavily  charged  with  carbonic  acid  gas  T  e 
pure  blood  contained  in  the  left  side  of  the  heart  is  rich  in  oxvgen  An 
interchange  of  gases  therefore  takes  place,  the  oxygen  gas  paSes  from 
the  inspired  air  into  the  capillaries  and  is  taken  up  by  the  iLmoglobin 
of  the  red  cells.  The  carbonic  acid  gas  passes  from  the  blood  with  the 
air  contained  m  the  air-cells  and  is  given  out  in  the  expired  air 

In  100  volumes  of  venous  blood  there  are  10  volumes  of  oxygen 
and  46  of  carbonic  acid  gas ;  in  purified  arteiial  blood  there  are  20 
volumes  of  oxygen  and  39  volumes  of  carbonic  acid  gas. 

It  will  be  here  convenient  to  make  some  remarks  regarding  the 
organs  concerned  in  the  circulation  of  the  blood,  and  their  structure,  and 
to  give  a  description  of  the  blood  and  the  process  of  coagulation. 

Chief  organs  of  the  circulation —The  chief  organs  of  the 
circulation  are  the  heart  and  blood  vessels,  the  latter  consisting  of  the 
arteries,  ccqnllaries  and  veins. 

The  heart.  -The  heart  is  the  great  centre  of  the  circulation.  It  acts  as  a  pump 
and  continues  working  from  the  dawn  of  life  to  death.  It  is  throughout  this  time 
perpetually  driving  blood  into  the  large  arteries  connected  with  it. 

The  heart  is  the  hollow  muscular  organ  which  pumps  blood  throughout  the  bodv. 
It  IS  placed  m  the  middle  line  and  slightly  to  the  left  of  the  thorax  lust  behind  the 
sternum  or  breast-plate,  and  between  the  lungs.  Its  base  is  directed  upwards  and 
to  the  right,  its  apex  pointing  downwards  and  to  the  left.  In  the  adult  it  is  about 
the  size  of  the  closed  fist. 

The  "  beat  of  the  heart"  may  be  felt  on  the  left  side  of  the  chest  about  an  inch 
below  and  an  inch  mside  the  left  nipple.  This  beat  is  due  to  the  apex  of  the  heart 
striking  the  chest  walls  between  the  5th  and  Gth  ribs. 

A  muscular  wall  or  partition  extending  from  apex  to  base  divides  the  heart 
into  right  and  left  sides.  The  right  side  contains  impure  venous  blood,  the  left  side 
pure  arterial  blood.  These  two  halves  are  sub-divided  into  upper  and  lower  halves 
by  another  muscular  wall.  The  heart  therefore  contains  four  chambers.  The 
upper  chambers  are  called  the  auricles  and  tlie  lower  the  vetitricles— there  are 
therefore  a  right  auricle  and  ventricle,  and  a  left  auricle  and  ventricle. 

The  passages  between  the  auricles  and  ventricles  are  furnished  with  valves 
which  can  close  the  communication.  These  valves  open  in  one  way  only,  and 
allow  the  blood  to  flow  in  that  direction,  and  prevent  its  flowing  in  any  other 
way.  They  are  formed  of  thin  flaps  of  tough  fibrous  membrane  which  liaug  from 
the  edges  of  the  passage  into  the  ventricles.  The  valves  between  the  right  auricle 
and  ventricle  has  three  flaps  and  is  called  the  tricuspid  valve,  that  between  the  left 
auricle  and  ventricle  has  two  flaps  and  is  called  the  bicuspid  va/i-e;  as  this  latter 
valve  is  considered  to  resemble  a  bishop's  mitre  it  is  also  called  the  viitral  valve. 

The  valves  allow  the  blood  to  pass  from  the  auricles  to  the  ventricles  quite 
freely.  As  soon  as  the  blood  attempts  to  return  to  the  auricles  it  gets  behind  the 
flaps  of  the  valves  and  forces  them  into  a^jposition  and  so  blocks  up  the  opening. 

The  edges  and  corners  of  the  flaps  are  attached  to  the  ventricles  by 
fibrous  cords  which  are  called  the  chordcs  tendince.  These  cords  are  only  just 
long  enough  to  allow  the  flaps  to  come  together,  aud  no  matter  how  hard  the 
blood  pushes  against  the  valves  they  cannot  go  back  any  further  as  the  threads 
are  inelastic  aud  do  not  yield  to  the  pressure— the  more  the  blood  is  forced  against 
the  valves  the  tighter  these  cords  become,  and  the  closer  the  contact  of  the  valves 
with  one  another. 

Both  the  auricles  contract  together  and  at  the  same  time  the  ventricles  relax  ; 
then  the  ventricles  contract,  and  the.auricles  relax ;  and  this  goes  on. 
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The  Pericardium  —The  pericardium  is  a  membranous  sac  enveloping  the 
heart.  It  is  conical  in  shape,  has  its  base  attached  to  the  diaphragm,  and  its  apex 
surrounding  the  great  blood  vessels  as  they  leave  the  heart.  The  pericardium  consists 
of  two  layers,  an  outer,  -which  is  fibrous,  and  an  inner,  which  is  smooth  and  is 
reflected  from  the  root  of  the  large  blood  vessels  on  to  the  external  surface  of  the 
heart.  It  secretes  a  pale  yellow  Raid,  the  penoardial  fiuid,  whose  function  is  to 
decrease  tlie  amount  of  friction  during  the  beating  of  the  heart. 

Large  blood  vessels  connected  with  the  heart-— The  chief  blood  vessels 
connected  with  the  heart  are — the  aorta,  pulmonary  artery,  venw  cavce  (superior  and 
inferior)  and  the  jmimonary  veins. 

The  aorta,  which  arises  from  the  left  ventricle,  is  the  largest  artery  of  the  body 
and  is  about  the  size  of  the  thumb.  Its  opening  is  guarded  by  a  valve  like  that  at 
the  entrance  of  the  pulmonary  artery.  This  valve  allows  the  blood  to  flow  from  the 
left  ventricle  into  the  artery,  but  prevents  it  returning  again  to  the  left  ventricle. 
The  aorta  conveys  the  purified  blood  charged  with  oxygen  to  the  distributing 
arteries  which  carry  it  throughout  the  body. 

The  superior  vena  cava  and  inferior  vena  cava  open  into  the  upper  and  lower 
part  of  the  right  auricle,  respectively.  The  entrance  of  the  inferior  vena  cava 
into  the  auricle  is  guarded  by  a  valve,  called  the  Eustachian  valve,  which  allows  the 
blood  to  flow  from  the  vein  into  the  auricle,  but  prevents  it  from  flowing  back 
uto  the  vein  when  the  auricle  contracts. 


1  Right  au  •  I     2^^'^'  ^^•"^^'■^Srara  illustrating  the  circulation, 
vena  cava  .„rerio;UVuiJ^^-^ie/:  ^^.g^  •'^Iti^J^^^^^^;  ^' superior  6, 
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The  superior  vena  cava  brings  the  impure  venous  blood  from  the  bead,  neck, 
and  upper  extremities,  and  the  interior  vena  cava  brings  the  blood  from  the  lower 
extremities  and  lower  parts  of  the  body. 

The  pulmonary  artery  arises  from  tho  right  ventricle,  its  entrance  being 
guarded  by  a  valve.  This' valve  is  formed  of  three  little  half-moon-shaped  pockets, 
hence  the  name  se»i277/7ia?*  Da/);e.  The  mouths  and  openings  of  these  pockets  are 
turned  towards  the  artery.  When  the  blood  is  passing  from  the  ventricle,  the  valves 
allow  it  to  pass  without  resistance.  As  soon  as  the  blood  attempts  to  return  from 
the  artery  to  the  ventricle,  it  fills  the  three  pockets,  their  edges  are  forced  together 
and  the  opening  is  completely  closed. 

The  pulmonary  artery  shorily  after  leaving  the  right  ventricle  divides  into  two 
branches,  one  going  to  each  lung.  This  artery  carries  the  dark,  purple,  impure 
venous  blood  from  the  heart  to  the  lungs.  In  the  lungs  this  blood  is  purified  and 
sent  out  again  laden  with  oxygen  which  the  blood  has  taken  up  from  the  air-cells. 
This  purified  blood  which  is  now  of  a  bright  scarlet  colour,  is  brought  from  the 
lungs  to  the  heart  by  four  2^ubnonary  veins  (two  from  each  lung)  which  open  into 
the  left  auricle. 

In  a  healthy  man  at  rest  the  heart  beats  about  72  times  a  minute,  and  at  each 
beat  a  certain  amount  of  blood  is  thrown  into  the  arteries. 

Circulation  of  the  blood —We  may  deal  with  the  circulation  of  the  blood 
under  four  headings  : — 

(1)  The  greater  ov  systemic  circulation,  or  the  course  of  the  blood  through 
the  body  ; 

(2)  The  lesser  or  pulmonary  circulation,  or  the  comae  of  the  blood  through  the 
lungs ; 

(3)  The  portal  circulation,  which  is  simply  a  branch  of  the  greater  circulation 
and  deals  with  the  circulation  of  the  blood  through  the  stomach,  spleen,  pancreas 
and  liver ;  jand 

(4)  The  coronary  circulation,  or  course  of  the  blood  through  the  muscles  of  the 
heart  itself. 


Fig.  '23. — Diagram  of  Heart. 


The  greater  circulation. — From  the  left  auricle  the  blood  is 
forced  past  one  of  the  valves  opeuiDg  into  the  left  ventricle  (mitral 
valve)  ;  thence  it  is  driven  through  the  semilunar  valves  into  the  great 
aorta,  which  is  the  main  trunk  of  the  arterial  system  of  vessels. 
Passing  through  the  arteries,  capillaries  and  veins  it  returns  through 
two  large  veins,  called  the  vense  cavee  (ascending  and  descending), 
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gathers  again  iu  the  right  auricle  and  so  completeii  the  round  of 
the  body.  Both  the  greater  and  the  lesser  circulations  are  going  on 
constantly ;  as  the  auricles  contract  the  ventricles  expand  simultane- 
ously, and  vice  versd  (Fig.  23.) 

In  the  capillaries  the  flow  is  very  slow,  giving  time  for  the  nourifh- 
ing  fluid  with  its  oxygen  to  ooze  through  their  walls  into  the  tissues. 
This  stage  in  the  greater  circulation  is  that  which  is  intimately 
connected  with  nutrition.  At  the  same  time  the  waste  products  from 
the  tissues  are  taken  up  by  the  blood,  and  completely  change  the 
quality  and  appearance  of  the  blood  which  has  now  been  deprived  of 
oxygen  and  much  of  its  nutritive  material. 

The  lesser  circulation. — The  dark  blood  from  the  veins  collects 
in  the  riglit  auricle,  and  going  through  one  of  the  valves  (tricuspid)  on 
the  right  side  of  the  heart,  empties  into  the  right  ventricle.  Thence  it 
is  driven  past  the  semilunar  valves,  through  the  pulmonary  artery,  to 
the  lungs.  After  circulating  through  the  fine  capillaries  of  the  air-cells, 
It  is  returned,  bright  and  red,  through  the  four  pulmonary  veins  to  the 
left  side  of  the  heart  (left  auricle). 

The  coronary  circulation.— This  is  the  shortest  course  the  blood 
can  take  from  the  left  ventricle  to  returning  to  that  chamber.  The 
arteries,  capillaries,  and  veins  concerned  in  this  circulation,  carry  the 
blood  that  nourishes  the  heart  itself.  The  two  main  arteries  of  the 
heart  are  called  the  coronary  arteries.  These  leave  the  aorta  i  ust  behind 
the  semilunar  valves,  and  split  up  into  small  branches  ending  in 
capillaries,  and  these  in  veins. 

Portal  circulation—The  blood  from  the  stomach,  intestines,  spleen 
and  pancreas,  IS  first  collected  up  into  a  single  vascular  tube  called  the 
portal  vein  ,•  this  passes  into  the  liver,  and,  after  branching  and  divid- 
ing  m  Its  substance,  breaks  up  into  minute  capillaries,  which  finally 
end  m  the  hepatic  veins  which  pass  from  the  liver  into  the  inferior 
vena  cava  near  its  entrance  into  the  right  auricle. 

cons?s^'o?l^^^ .^^^^^^^  Tf'.^'   the  body 

repearedl'/p  t  V  nt^  oS^^^^^  ''VT'I  throughout  the  body  and 

to  be  seen  by  thi  human  evP   .nr?  i  ""V/  ^'^^'^  vessels  are  too  fine 

pulping  blo^  into  ti^^tS.^e^^it'i^^'IXlhe^^iJlS.^^  ^^^^'^^^ 

an  o^^Sd^S:;? "^1^  co,nposed  of  three  coats- 
and  elastic  tissue,  and  an      L  li  in?,  .  T^'^^^  cousists  of  muscular 

of  epithelial  tiss ue  comp    ed  'of  Hat  ZZ'^'  °  t'f /f  ^"1  ^"','*^  ■'^"'^  membrane 

are  deep.y  Pl^^l.tt^^e^^^.i^^^rL^ toS'^i^l^f^i^boJ? 
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The  pulse. — With  each  beat  of  the  left  ventricle  a  certain  amount 
of  blood  is  thrown  into  the  aorta.  The  aorta  is,  however,  already  full 
of  blood  when  this  additional  quantity  is  projected  into  it.  The  blood 
having  been  forced  into  the  aorta  cannot  return  to  the  left  ventricle, 
because  of  the  semilunar  valve  closing  the  opening.  To  accommodate 
this  additional  volume  of  blood  the  elastic  aorta  expands,  and  having 
been  considerably  dilated,  it  again,  by  virtue  of  its  elasticity,  returns 
to  its  previous  size,  and  in  doing  so  forces  the  blood  onwards  into  the 
vessels  near  it  (which  also  expand  to  receive  it)  and  then  relaxes,  and 
so  on  all  the  arteries  expand  to  receive  the  blood  and  recoil  afterwards. 
It  is  this  alternate  swelling  and  recoil  of  the  arteries  that  is  felt  when 
the  finger  is  placed  over  an  artery,  and  is  called  the  pulse.  If  the 
finoer  is  placed  on  the  outer  side  of  the  front  of  the  wrist,  on  the 
temple,  or  behind  the  inner  side  of  the  ankle,  we  feel  the  arteries  in 

these  situations  beating. 

The  blood  flows  through  the  main  aiteries  at  the  rate  of  12  inches  a  secoud,  but 
this  speed  is  lessened  as  iha  arteries  get  smuUer  and  smaller,  until  the  blood,  on 
reaching  the  capillaries,  moves  very  slowly.  The  course  through  the  capillaries  is 
very  sh.Tt  seldom  more  thau  half  an  inch  or  so,  and  then  when  the  blood  leaves 
the  capillaries  the  speed  of  How  again  gradually  increases,  so  that  the  whole  course 
of  the  blood  through  the  body  occupies  about  aO  seconds.  If  any  artery  is  cut,  the 
blood  gushes  from  it  in  jerks  which  correspond  with  the  beating  of  the  pulse. 
When  we  wish  to  stop  the  bleeding  from  an  artery  we  bind  up  the  artery  on  the 
side  of  the  cut  nearest  the  heart  because  the  blood  comes  from  the  heart  along  the 
•irterv  If  a  vein  is  cut,  the  blood  flows  Iroui  it  continuously  and  without  jerks. 
To  stop  bleeding  from  a  vein  wo  bind  up  the  vein  on  the  side  of  the  cut  furthest 
from  the  heart,  because  the  blood  is  coming  from  the  capillaries  towards  the  heart 
aluug  the  vein. 

Structure  of  the  capillaries.-The   capillaries  are  extremely  fine  vessels 

about  r^dth  of  an  inch  wide,  which  intervene  between  the  smallest  arteries  and 

commenSmeut  of  the  veins.    The  walls  of  the  capillaries  are  very  delicate,  being 

Sle  ^p  of  ^  «'"g'^  ^"5'^^'  °^   ^""^  •  ^^-^  - 

mf 


94  _  c.pillaries  connecting  an  arteiy  to  a  vein. 
(The  arrows  inaicale  the  dheclion  iu  uhlch  the  blood  Aunvs.) 
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tissues  are  picke-l  up,  re Jioved  from  the  tissues,  and  fjiid  th^ir  way  to  the  blood 


Interpol  con 
Middle  coa 
Rxteriial  CPS 


•  ©liter  cOat 

-  Middle  coat 

-  Innor  coal 


Fia.  24a.— Transversa  section  of  an  artery  and  a  vein  of  corresponding  siza 
(maguified).    After  Warwick  anl  Tltrnstall.  "  ° 

through  the  walls  of  the  capillarios.  These  waste  products  are  afterwards  thrown 
off  from  the  body  by  special  organs  for  this  purpose,  viz.,  the  kidneys  lungs 
and  skin.  ' 

From  the  capillaries  the  bloo  l  is  gathered  up  by  the  Tsins  which  get  larger  as 
they  get  nearer  the  heart,  and  are  en  route  joined  by  other  veins. 

Structure  of  the  veins.— The  veins  are  thin  walled  tubes  which  collapse  when 
empty.  In  most  of  the  veins  there  are  found  valves,  which  are  usually  placed  in 
pairs  and  look  towards  the  heart.  These  valves  are  more  numerous  in  tlie  veins  of 
the  lower  e.xtremity  and  in  the  veins  of  muscular  parts.  Some  veins,  a  ;  the  superior 
and  inferior  vena  cava,  pulmonary  veins,  and  portal  vein,  have  no  valves  The 
valves  serve  to  prevent  the  backward  flow  of  blood  into  the  capillaries  during 
muscular  contraction.  Tho  little  knots  seen  in  the  arm  of  a  muscular  man  when 
the  fist  is  tightly  closed,  represent  the  position  of  the  valves  of  the  Veins'  If  the 
finger  is  pressed  on  the  large  superficial  veins  at  the  bend  of  the  elbow  these  knots 
appear  in  the  forearm  below  the  point  of  pressure  because  the  blood' is  prevented 
from  flowing  towards  the  heart  and  the  little  pouches  prevent  it  flowino'  backwards 
If  the  finger  IS  taken  off  the  vem  the  knots  disappear,  because  the  blood  is  now 
allowed  to  flow  towards  the  heart  without  interference 

fih.»«  *yP'^=?l/«i'i  '^'^.s  coats-an  outer  consisting  of  elastic  tissue  and  muscular 
fibres,  a  OT/fZr/^a,  consistuig  of  muscular  ami  fibrous  tissues,  but  much  thinner  than 
the  middle  coat  of  an  artery,  and  an  in>u>r  of  similar  structure  to  the  inner  coat  of  an 

The  veins  are  more  numerous  than  the  arteries  and  are  arranged  in  two  main 
sets-a  .upcr/icmi  set  ust  beneath  the  skin,  and  a  deep  set  which  Smn^iip,  tl  a 
arteries.    All  the  blood  coming  from  the  head    neck    imnrr  Pvtrt^^^^  ^ 
thorax  is  finally  collected  into^one  large  vein 'called  the  .^"..TetaTa;"' 


•.wn^'f*^' with  valves.open  ;  B.  with  valves  closed:  the  arrow  in 
ludicates  stream  of  blood  passing  off  by  a  lateral  channel  (Da lton) 
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Functions  of  the  circulation.— The  offices  of  the  systemic  circu- 
lation is  to  convey  oxygen  gas  (in  the  haemoglobin  of  red  cells),  and 
nutrient  matter  (in  "the  phasma)  to  the  different  organs  and  tissues  ;  to 
collect,  by  means  of  the  capillaries,  substances  which  result  from  wear  and 
tear  ''and'  which  are  of  no  further  use  to  the  body)  and  convey  them  to 
the  lungs  and  other  organs  of  excretion,  The  function  of  the  pulmonary 
circulation  is  to  aerate  the  blood  whereby  the  impure  venous  blood 
becomes  changed  into  oxygenated  pure  blood.  The  function  of  the 
portal  circulation  is  the  elaboration  of  nutriment. 

How  the  blood  is  purified.— The  blood  is  purified  in  three  ways  :— 
(1)  By  passing  through  the  blood  vessels  of  the  lungs,  where  it  gets  rid 
of  carbonic  acid  gas  (the  result  of  the  oxidation  of  carbonaceous  or  heat- 
producinp-  substances  in  the  tissues  and  organs  of  the  body),  and  excess 
of  water  hi  the  form  of  vapour;  (2)  by  passing  through  the  vessels 
surrounding  the  sweat  glands  under  the  surface  of  the  skm,  where  it 
gets  rid  of  excess  of  water  (in  the  form  of  perspiration),  a  small  quan- 
tity of  carbonic  acid  gas,  and  a  little  urea  (the  result  of  destruction  of 
nitrogenous  or  tissue- forming  substances) ;  and  (3)  by  passing  through 
the  blood  vessels  of  the  kidneys  where  it  gives  up  excess  of  water  with  a 
large  proportion  of  urea  and  a  little  uric  acid,  both  these  latter  being 

held  in  solution  in  the  urine. 

roi-nr^osition  of  the  blood-  -The  blood  is  the  fluid  tliat  circulates  through  the 
1      r  n?t??ip\  veins  ami  capillaries,  and  supplies  nutritive  material  to  all  parts  of  the 
iod?'  Tl\e  bl  ^rit^eircous' s  s  of  a  co\onvleslp lasma  iu  which  are  suspended  red  and 
^       JniUnrTnrn  i^Hes  ^  we  look  upon  the  blood  as  a  living  tissue 

S  thi  Zruii  ot  thl  l,loS,  oozes.  Healthy  bbod  consists  of  about  79  per  cent,  of 
"^'i:tooVwUn 'firsf  d^wiffrom  the  boiy  is  a  red  somewhat  sticky  Auul  winch 

liiiliiiSili! 

Redblood  cells.-The  red  cells  are  about   Idth  of  an  ;ncb  in  diameter  and 


TI5oa 


^.dth  of  an  inch  in  thickness.   ltvoaldt;ko  about  ten  millions  of  them  to  just 
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Tig.  25.— The  blood  (magnified). 
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cover  a  square  inch  of  surface  in  a  single  layer.   The  red  cells  are  biconcave  circular 
discs  ;  they  are  highly  elastic,  and  can  alter  their  shape  when  running  in  the  smaller 
blood  vessels  (Fig.  25).    There  are  about  650  red  corpuscles  to  each  white  corpuscle. 
Outside  the  body  the  red  cells  have  a  tendency  to  run  together  and  form  Hi  fie 
group;  like  piles  of  coin  {rouleaux).    The  colour  of  the  red  cells  is  due  to  the 
ha))noylobin  in  them.    This  ii  comparable  with  chlorophyU,  which  is  the  green  colour- 
ing matter  of  vegetable  cells.  HiEmoglobia  is  composed  of  a  protend*  or  organic 
nitrogenous  body,  which  on  decomposition  yields  a  pigment  containing  iron,  called 
h<ematin,  and  a  proteid  body,  called  (jlob'm.    The  hajmoglobin  of  the  red  cells  is 
most  important,  as  it  is  the  o.\ygen-carry ing  substance  of  the  blood,  the  oxygen 
beiug  loosely  combined  with  it  so  that  it  may  be  readily  abstracted  by  the  tissues 
and  cells  of  the  body.    The  red  cells  take  up  oxygen  in  the  lungs  and  carry  it  to  the 
various  tissues  and  cells.  In  the  working  of  the  tissues  and  cells  of  the  body,  oxyo-en 
is  constantly  required.    The  blood  in  the  arteries  is  charged  with  o.xygen'aud  it  is 
the  combination  of  a  large  amount  of  oxygen  with  hemoglobin  that  gives  arterial 
blood  its  brighl  scarlet  colour.  The  blood  in  the  veins  contains  less  oxygen  because  it 
has  parted  with  much  of  it  to  the  tissues.  The  colour  of  the  blood  in  the  veins  is  dark 
purple.    This  venous  blood  is  not  suited  to  the  nutrition  of  the  tissues. 

In  the  adult  man  the  chief  seat  of  the  formation  of  red  corpuscles  is  in  the  red 
marrow  of  bones.  In  the  conuective  tissue  of  red  marrow,  we  find  certain  laree 
pale  cells  which  deposit  h.-emoglobin  within  their  protoplasm,  and  this  becomes 
collected  into  small  masses  which  are  formed  into  red  cells  and  discharged  In 
addition  to  this  there  are  within  the  marrow  a  number  of  small  amoebfe-lfke  cells 
tinted  uith  hremoglobiu,  which  actively  divide  and  become  red  corpuscles  It  is 
possible  that  the  spleen  can  also  form  red  cells  ;  the  maiu  evidence  that  it  mav  do 
so  being  that  when  the  spleen  is  removed  in  animals,  the  regeneration  of  red  cells  of 
the  blood  is  much  slower  than  in  normal  animals. 

Fate  of  red  cells.-There  is  much  evidence  to  show  that  the  bile  pigments 
formed  by  the  cells  of  the  hver  are  derived  from  hajmoglobin,  and  therefore  as  h\\l 
pigment  is  eliminated  constantly,  there  must  be  a  constant  destruction  of  red  celk 
Anything  which  tends  to  produce  destruction  of  red  cells  (and  this  is  a  condition 
resulting  from  the  toxin,  of  several  infectious  diseases)  causes  a  proportiona°e 
increase  in  ths  excretion  of  bile  pigments.  ^  puiuiuuaie 

White  blood  cells.— The  white  corpuscles,  white  cells    or  IpiipnnTrfoQ 
slightly  larger  than  the  red ;  they  are  notl.t  or  disc-like  ;  they  exh  Wt  m^^e'^en ts 
similar  to  hose  of  the  amojb.ij  or  lowest  forms  of  animal   life  ;  they  are   constanU  v 
chauCTincr  their  shane.  beinff  now  snbprinni  n         „  i  ^     '  ""^.J  .'^'^  uunsidnriy 


changing  their  shape,  being  now  spherical,  a  few  spfonrle  intQ- '^„o,.  ^1       i  i 
mg^o!)    We  doUkno%  all  ihe  functlonToTr  wh     ^£  ^1"^^^^^^^^^ 
know  is  that  they  are  important  in  protectiuo  us  from  VL TwlL  I 


rOkVMoifPHONVCueA* 

.-^^■^'Y'-'^'^rj^oiis  forms  of  white  blood  cells  : 

S  I  „°  Small  white  cell. 

(0)  Large  white  cell  (after  Stephkns  and  Chuistophkrs). 


oatlinf w?fhi7'LT'minS  ^tnu'T''''.'  «"«"ges  of 
 .  minutes  When  kept  moist  on  a  warm  stage  (Sohopield). 

vegeluf  aid  laifa7s;i^sSes'''^ir'  albuminous  part  of 

referroi  to  under  Foods  •   ^^''''^       ^^"O"^  proteids,  these  are  specially 
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There  ava  vanous  forms  of  Avhite  colls  which  are  clnssified  accordiimto  their 
general  shape,  the  amount  of  their  protoplasm,  or  the  shape  of  the  nuclei  or 
aga,ui  the  structure  of  the  protoplasm  ami  its  contents.  The  chief  kinds  of  white 
cells  are— 8«irt^^  Icucocylcs,  which  are  small  cells  with  a  large  spherical  nucleus  • 
larrie  viono7iuclear  /eMcoc/(/es,  which  are  two  or  three  times  the  size  of  red  comus- 
cies,  with  an  oval  nucleus  ;  transition  cells  similar  to  the  last  mentioned  ;  polymor- 
pkoniiolear  leucocytes,  which  are  similar  than  the  last  two,  with  nuclei  which  are 
sub-divided.  Tliereare  a  few  other  forms  which  we  need  not  mention  here.  The 
small  leucocytes  are  formed  in  lymphatic  tissue  scattered  throughout  the  body 
especially  in  lymphatic  glands,  and  these  gain  access  to  the  general  blood  stream' 
through  the  lymphatic  vessels.  The  large  mononuclear,  transitional  and  polymor- 
phonuclear cells,  arise  in  the  bone  marrow. 

Fate  of  white  corpuscles.  — A  large  number  of  white  cells  are  daily  formed, 
and  there  must  consequently  be  a  daily  destruction  of  a  corresponding  i^roijOftion. 
A  large  number  are  destroyed  in  the  blood  itself  and  in  the  spleen. 

The  liquor  sanguinis  is  not  a  simple  fluid.  When  the  corpuscles  are  separated 
from  the  blood,  it  is  teen  that  the  latter  in  bulk  is  a  straw-coloured  fluid ;  it  is  almost 
colourles.s  when  seen  as  a  thin  film  under  the  microscope.  If  allowed  to  stand  it 
forms  a  clear  jelly-like  mass.  The  blood  contains  also  an  agent  c?L\\>i(i  fibrin  ftrment 
which  causes  a  material  in  the  plasma  (known  as  fibritio-plaslin),  and  another  body 
in  the  white  cells,  to  combine  and  form  fibrin ;  coagulation  of  the  blood  is  brought 
about  by  the  formation  of  fibrin. 

Functions  of  the  blood. — The  blood  carries  nourishment  to  all  the 
tissues  and  cells  of  the  body  to  build  them  up,  or  to  repair  the  waste  that 
has  occurred  in  them  from  work,  wear  and  tear,    it  absorbs  nourish- 
ment from  the  food  products  and  conveys  it  to  the  tissues.    It  provides 
the  body  with  water.    It  absorbs  large  quantities  of  oxygen  in  the 
lungs  and  carries  it  to  all  parts  of  the  body.    This  is  effected  by  the 
red  cells.    Oxygen  is  necessary  for  the  working  of  all  tissues  and 
cells.    In  this  working  the  oxygen  is  consumed  or  slowly  burned 
up.    This  combustion  produces  heat  and  energy.    In  doing  so  waste 
products  are  formed  which  if  allowed  to  remain  in  the  body  would  be 
harmful.    The  tissues  and  cells  are  largely  composed  of  C,  0,  H,  and 
N,  and  in  the  process  of  combustion  the  C  nnd  0  unite  to  form  CO^, 
the  H  and  0  combine  to  form  H^O.    Another  complex  body  called 
urea  is  formed  during  these  processes  of  oxidation,  which  consists  also 
of  C,  H,  0  ,and  N,  and  has  to  be  got  rid  of.    The  blood  is  also  the  means 
by  which  all  the  waste  products  are  taken  away  from  the  body,  carrying 
these  to  the  excretory  organs— kidneys,  lungs,  and  skin.    The  constant 
oxidation  going  on  in  the  body  produces  a  large  amount  of  heat; 
the  blood  acts  like  the  hot  water-pipes  used  for  heating  houses  and 
distributes    this  heat  uniformly  throughout  the  body.     The  blood 
produces  all  the  materials  required  for  forming  certain  secretions  or 
juices  in  digestion— from  it  the  cells  of  the  salivary  glands  secrete 
saliva,  the  glands  of  the  stomach  secrete  gastric  juice,  the  liver  forms 
bile,  and  so  on. 

Composition  of  the  air.— The  air  may  be  considered  to  consist 
of  an  ocean  of  mixed  gases  that  surround  the  world.  This  ocean  is 
about  50  miles  deep.  It  is  really  much  deeper,  but  beyond  50  miles 
from  the  earth,  it  becomes  very  much  rarified.    The  lowest  layer,  or 
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that  which  we  breathe,  is  much  heavier  than  the  layers  near  the  top. 
Tlie  air  owing  to  the  force  of  gravity  is  much  denser  near  the  earth  and 
gets  attenuated  layer  by  layer  as  we  ascend.  Air  is  invisible,  and  we 
are  only  made  aware  of  its  presence  when  it  is  in  motion*  or  when  we 


aremovino-  against  it, 


Air  is  composed  of  a  mechanical  mixture  of  two  gases, f  one  called 
oxygen,  another  nitrogen.  Ordinary  air  always  contains  a  few  other 
agents,  of  which  the  chief  are  carfeonzc  acid  gas,  ammonia,  and  aqueous 
or  it'ctiJer?/ wtpom^,  particles  of  mineral  substances  of  dead  and  living 
organised  matter.  The  solid  particles  of  dust  suspended  in  the  air  are 
seen  when  a  beam  of  sunlight  passes  into  a  room  ;  such  solid  impurities 
in  the  air  may  include  the  germs  of  disease.  Under  the  influence  of 
good  ventilation  and  abundance  of  light  in  houses  these  are  diluted, 
removed,  or  to  a  large  extent  rendered  harmless.  With  the  exception 
of  carbonic  acid  gas  and  aqueous  vapour,  the  relative  proportions  of  the 
other  constituents  remain  tolerably  constant  throughout  the  crbbe 
The  carbonic  acid  gas  and  ammonia  are  in  such  small  quantities  as  not 
to  affect  the  qualities  of  the  air  for  human  respiration. 

Carbonic  acid  gas.-Good  fresh  air  contains  4  parts  of  carbonic 

bc^if/I^'  n  iJo     rr.r  ^^1^^'-^  aircontain 

i  nn^  -  in  occupied  rooms  reaches  1-5  parts 

per  1,000  It  IS  associated  with  the  production  of  headache  an^our 
sluggishness  of  body  and  mind  ;  and  5  parts  per  1,000  for  any  S 
of  time  would  be  incompatible  with  life.  ^ 

to  another    The  oarhnn.V      J  ■    »  P"'"'^''  ""^  ^'eKel 

oxygen       t„  the  aSZ^rtc'Li°rv' '}:„r  pt' t  '/"^^r. 
—  do,  on.,  they  .ever.  t^.^^ZX  t2t  ^.TtX?  S 

*  Air  in  motion  is  called  imiid.  '  '  '  

50 /ilKS^thir,:vf  f  classes-solids,  liquids  or  gases 

such  as  a  piece  of  wood  or  .Lne  or  meKl  ^^"''f  ^  ^  ^^'^^^^  amount  of  luirduess 
«  lape  ;  they  take  the  form  o^  the  vS  '  tlm'!.n    '''''  ^P"''        ''"^'^  "°  '^o^stnm 
have  no  hxed  shape,  and  always  tl  ,d  to   tLT  T  ^T'  "''^  l^at 

made  up  of  oiimite  invisible  i„-ti  }l  '""ease  in  volume.  Ail  three  classps  -ire 
to  drive  away  the  neigKo!ni,}g  atom!  ^''^  =^tom  islz^ing 

There  is  another  sua  mliori 
this  gas  is  negative  and  hnt  t,,     ''^"^  »i  a,r  to  the  e.Kteut  of  I  per  cent 
Bpec^Uly  considered  K.  -''^e  diluting  properties  as  niSgen    it  isno't 

hydioir"'---  gas  composed  of  one  atom  of  nitrogen  and  three  atoms  of 
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the  carbon  dioxide  and  set  free  the  oxygen.  When  oxygen  and  carbon 
are  united  with  one  another  to  form  carbonic  acid  gas,  we  are  not  able 
to  utilise  either  of  these  elements.  Plants,  on  the  other  hand,  are  able 
to  split  up  the  carbonic  acid  gas  into  its  component  elements.  When 
the  sun  shines  on  the  green  colouring  matter  of  leaves  or  chlorophyll,  it 
causes  this  chlorophyll  to  pick  out  and  retain  the  carbon  of  the  carbonic 
acid  gas  of  the  air  and  sends  back  the  oxygen  for  us  to  breathe;  plants, 
therefore,  help  to  purify  the  air  ;  further,  the  carbon  that  the  plants 
have  taken  in  is  so  changed  and  combined  with  other  bodies  in  the 
plants  as  to  make  it  fit  for  us  to  take  as  food.  At  night  most  plants 
reverse  the  order  of  breathing  ;  they  take  away  the  oxygen  and  give 
off  carbonic  acid  gas,  but,  on  the  whole,  they  give  out  more  oxygen 
than  they  take  up  from  the  air.  The  carbonic  acid  gas  itself,  being 
usually  in  comparatively  small  quantities  in  the  air,  is  not  poisonous. 
In  inhabited  houses,  however,  it  is  accompanied  with  a  certain  quantity 
of  the  noxious  animal  matters  and  foul  organic  gases  given  off  by 
the  lungs.  When  the  carbonic  acid  gas  is  in  excess,  the  animal  matter 
is  in  excess  also.  Exact  and  scientific  observations  have  proved  that  the 
amount  of  carbonic  acid  gas  contained  in  an  inhabited  room  corre- 
sponds with  the  amount  of  impure  animal  organic  matter  contained  in 
that  room.  The  amount  of  carbonic  acid  gas  in  the  air  is,  therefore, 
taken  as  a  measure  of  the  purity  of  the  atmosphere  in  rooms.  Excess 
of  it  in  air  tells  of  excess  of  respiratory  animal  impurities. 

Sources  of  carbonic  acid  gas  in  air.— The  chief  sources  of  car- 
bonic acid  gas  in  the  air  are : — 

1.  Subterranean  sources  nnd  from  the  soil.  The  subterraueau  sources  are  cou- 
Biderably  more  thauallthe  other  sources  put  together.  This  source  of  carbonic 
acid  gas  is  partly  produced  by  the  processes  of  combustion  continuously  going  on 
in  the  more  superficial  parts  of  the  earth's  crust,  and  in  part  from  the  diliusiou  of 
pent-up  gas  in  natural  reservoirs,  large  and  small,  produced  iu  past  ages. 

2.  The  respiration  of  man  and  animals. 

3.  Processes  of  combustion. 

4.  Fermentation. 

5.  The  escape  of  carbonic  acid  gas  from  natural  waters  in  which  it  is  held 
in  solution. 

6.  Decayed  vegetable  aud  other  organic  matters— specially  emanating  from 
the  soil. 

In  general  terms  it  may  be  said  that  the  chief  impurities  of  air  are  the  products 
of  re'^piration ,  combustion  aud  decomposition  generally,  and  ordinary  dust  which 
of  tea  carries  disease  germs.  Dust  may  consist  of  particles  of  dried  sa  iva,  fa3ces, 
pnithelum  from  tbe  surface  of  the  body,  fibres  from  difierent  clothes  fabrics 
particles  of  carbon,  ordinary  sand  and  clay  particles,  vegetable  cells,  wiiigs  of 
\ullct^  etc  to  nil  of  which  may  be  attached  disease-germs.  The  number  ot 
bacteria  in  air  depends  on  the  extent  of  pollution  of  the  air  moisture  ot  surrouud- 
h  rsurf  "ces.  temperature  and  humidity  of  the  air.  and  season  of  the  year^ 
The  more  dust  in  tl'e  air  the  greater  the  number  of  bacteria.  On  the  tops 
f  1  ,,f  .inr  tliPrP  is  little  dust  and  few  bactana,  in  crowded  rooms  there 
^s  a"  a  1  m  icl  C  OS  and  crowds  of  bacteria.  Dust  particles  attractbacteria 
of  the  air  of  all  kinds  to  their  surface,   Damp  and  moist  surfaces  also  attract 


•GENERAL  HYGIENE. 


153 


bacteria  from  the  air.  More  germs  are  present  iu  liouses  in  summer  than  in  winter 
but  there  are  fewer  in  the  outside  air  in  summer  than  in  winter,  as  direct  sunlight 
is  a  powerful  germicide.  Tlie  motes  of  a  sunbeam  passing  througii  ordinary  pure  air, 
even  away  from  lialntations,  shows  that  it  contains  floating  particles  of  dust  and 
d6bris  associated  with  many  of  which  are  microbes.  In  inhabited  places  these 
particles  are  in  vastly  greater  numbers  and  often  have  mixed  with  them  disease- 
germs.  The  watery  vapour  from  the  lungs  catches  up  the  particles  of  dust  and 
microbes,  and  suspends  them  to  be  breathed  by  us. 


Oxygen  and  nitrogen. —One  hundred  parts  of  air  contain  about 
79  parts  of  nitrogen  and  21  of  oxygen,  or  roughly  four  of  the  former 
to  one  of  the  latter.  The  oxygen  is  much  the  more  important 
of  the  two  ;  it  is  the  gas  which  supports  life,  the  vital  element  of  the 
atmosphere,  and  is  a  very  active  gas,  which  serves  the  purpose  of 
keeping  our  blood  pure,  bxygen  combines  with  other  bodies  and  burns 
them  up.  Without  it  we  could  not  produce  light  or  heat  from  any 
combustible  substance,  nor  could  life  be  supported.  Inside  our  bodies 
oxygen  combines  with  the  materials  of  the  food  and  burns,  and  thus 
maintains  the  natural  heat  of  the  body  ;  but  the  burnino^  goes  on 
so  slowly  that  we  do  not  feel  the  heat  it  produces:  this  is  the 
chief  way  in  which  our  bodies  are  kept  warm.  Oxygen  is  so  active 
that  if  the  air  contained  only  this  one  gas,  it  would  burn  us  up 
If  we  put  a  lighted  candle  in  pure  oxygen,  it  burns  very  brio-htly 
and  wastes  away  much  more  rapidly  than  if  we  put  it  in  ordhiary 
air.  But  if  we  deprive  the  air  of  its  oxygen,  and  put  a  lighted  candle 
into  the  remaining  nitrogen,  the  candle  goes  out  at  once  A  person 
breathing  impure  expired  air  over  and  over  again  often  suflFers  from 
giddiness,  headache,  and  faintness.  In  crowded  assemblies  in  badly 
ventilated  theatres,  churches,  etc.,  people  often  faint  from  this  cause 
If  a  man  were  shut  up  in  an  air-tight  chamber  measuring  six  feet  every* 
way,  he  would  die  in  a  little  over  an  hour,  chiefly  because  all  the  oxygen 
in  It  was  used  up  Nitrogen  is  a  harmless  gas  :  nothing  will  burn  in  it. 
Animals  would  die  at  once  if  they  had  only  nitrogen  to  breathe 
Oxygen  alone  is  far  too  strong  for  us  to  breathe.  The  nitrogen  is 
mixed  with  the  oxygen  to  dilute  it.  Nature  has  provided  a  mixture 
ofthese  two  gases  in  such  proportion  to  one  another  that  the  air  can 

?nfH.       f  ^  T""  I'^'^PS fires  can  be  kept  alight 

m  this  mixture  of  gases.  ^  a^t,"" 

In  the  human  body  then  the  oxygen  sustains  combustion  and  sup- 
ports  life  by  combining  with  and  oxidising  the  tissues,  and  so  produc- 
ing heat;  the  nitrogen  dilutes  the  oxygen  which  by  itself  would  be  too 
strong  and  act  too  rapidly  on  the  substance  with  ihich  it  comes  in?o 

^sues  '  Nn  T        '''^  '^'^  ^^^^1^  °f         "Nidation  of  he 

tissues.    No  change  occurs  in  the  nitrogen. 

0307ie,  which  is  an  active  modification  of  oxygen,  though  alwav-, 
present  in  he  purest  airs,  is  so  readily  reduced  b;  the  ox  id  aS 
organic  matter  in  the  ordinary  air  of  towns  and  dwellings  tha  ,t  « 
practically  never  present.  '  " 
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Some  watery  vai^our  is  always  contained  in  the  air  and  a  certain 
amount  of  it  is  beneficial,  both  for  animals  and  plants  ;  if  in  excess,  as 
it  is  along  our  sea-coasts,  and  along  the  Eastern  Frontier  it  makes  tlie 
climate  relaxing.  If  very  small  in  amount  it  makes  the  air  dry,  thereby 
causing  mUcla  evaporation  from  the  skin. 

Composition  of  the  air  we  expire.— We  now  know  what  ordinary 
pure  air  contains.    Let  us  contrast  this  with  air  given  off  from  the 


lungs  : — 


Inspired  air.  Expired  air. 

Volume  per  cent.  Volume  per  cent. 

Oxygen    21    16-5 

Nitrogen     ...  ••■  •••  —  •••  '"^^ 

Carbonic  acid  gas        ...  . 'U*  ...  ...  -  ^-o 

Watery  vapour            ...  Variable  ...  ...  ...  Saturated. 

Organic  matter           ...  Absent  ...  ...  ...  Present. 

Air  which  has  passed  through  the  lungs  contains  from  16  to  17 
per  cent,  of  oxygen  and  4  or  5  per  cent,  of  carbonic  acid  gas.  We  see 
that  the  air  in  passing  through  the  lungs  loses  4  to  5  parts  of  oxygen  and 
gains  4  to  5  pai'ts  of  carbonic  acid  gas.  The  nitrogen  of  the  air  in 
passing  through  the  lungs  remain.^  unchanged.  It  simply  serves 
as  a  medium  for  the  dilution  of  the  0  required.  Ordinary  air  contains 
a  small  amount  of  watery  vapour,  that  leaving  the  lungs  is  saturated 
with  this  vapour.  Air  leaving  the  lungs  is  about  98  F.,  no  matter 
what  the  temperature  of  that  entering  it.  Air  leaving  the  lungs  con- 
tains a  certain  small  amount  of  decaying  animal  matter. 

Waterv  vapour.— As  just  stated  one  of  the  things  given  off  from  the 
lungs  is  iJtery  vapour.  An  adult,  in  24  hours,  gives  off  from  9  to  II 
ounces  of  water  from  the  lungs.  In  the  cold  weather  we  can  see  clouds 
of  steam  coming  from  the  mouth.  This  visible  vapour  is  water  m  a  finely 
divided  state  We  can  also  prove  that  this  watery  vapour  leaves  the 
mouth  by  breathing  on  to  the  front  of  a  looking-glass.  By  doing  this 
we  notice  that  the  mirror  is  dimmed  and  becomes  damp  directly.  The 
Tr  we  inhale  contains  a  small  and  variable  amount  ol  water  but  the  air 
we  Txhale  always  contains  as  much  water  as  it  can  hold  in  the  state  of 
vapour  or  steam.  The  expired  air  is,  therefore,  said  to  be  saturated 
with  watery  vapour. 

Carbonic  acid  gas.* -We  also  breathe  out  carbonic  acid  gas 
™h^ch  is  colourless  i  but  we  can  readily  prove  that  it  is  expired.  Get 
T  hnttte  containing  some  clear  lime  water  and  breathe  into  it  through  a 
1  «  tube     We  no       that  the  clearness  of  the  lime  water  soon 
glass  tuDe.  is  effected  by  the  carbomc 

Sl^^'n^^^^^^  lime  of  the  linie^ate^^oform^ 

thing  about  oxygen  already,    n  ,  j         This  dark  mass  is  called 

'K'"r Vhi?S  t  'S'oS iff  W.S"us  c«,«  combmea  wit.>  ab„.<lauce 
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of  chalk.  Or,  breathe  into  a  jar,  and  lower  a  lighted  candle  into  it.  We 
will  find  that  the  flame  is  instantly  extinguished,  showing  the  presence 
of  carbonic  acid  gas.  Ordinary  air  contains  a  little  carbonic  acid  gas, 
expired  air  contains  about  100  times  as  much.  In  this  manner  a  man 
in  twenty-four  hours  sends  off  from  his  lungs  as  iiiuch  carbon  as  is 
contained  in  a  piece  of  charcoal  weighing  8  ounces.  We  are  unable  to  see 
the  carbon,  because  it  has  combined  with  oxygen  to  form  carbonic  acid 
gas,  which  is  colourless.  Fortunately  the  carbonic  acid  gas  of  respira- 
tion (and  other  impurities)  is  rapidly  diffused  and  rendered  weaker. 
Fresh  air  from  rural  districts  is  constantly  rushing  in  and  diluting  the 
impure  air  of  cities  and  towns,  just  as  the  pure  air  over  the  great 
oceans  is  driven  to  and  mixes  with  the  air  covering  the  land. 

Each  person  of  a  mixed  community  exhales  0-6  cubic  foot  of 
carbonic  acid  gas  per  hour,  and  this  fact  is  made  use  of  in  ascertaining 
the  amount  of  air  required  per  head  per  hour.  In  calculating  this 
amount  we  divide  the  amount  of  carbonic  acid  gas  exhaled  per  hour  by 
the  limit  of  admissible  impurity  of  carbonic  acid  gas  stated  in  cubic 
feet  (admissible  impurity  =  0-02  per  cent,  in  one  cubic  foot).  This 
gives  us  :qqq2  =  3,000  cubic  feet,  and  this  is  the  amount  of  fresh  air 

I^T/u'^/^^  ^^^^'^  per  hour  in  a  mixed  gathering  of  people  in  order 
that  the  faxed  standard  of  freshness  be  maintained.  When  the  air 
m  a  room  contains  0-7  of  a  cubic  foot  of  carbonic  acid  gas  to  1  000 
cubic  feet  we  may  be  able  to  recognise  that  the  ventilation  is  not  iood 
by  the  senses;  0  9  cubic  foot  is  distinctly  perceptible.  Sick  people 
reqmre  4  000  cubic  feet  offresh  air  per  hour,  and  this  amount  shoAld 
be  provided  for  in  hospitals;  the  more  the  air  of  hospital  wards 
approaches  that  of  the  outside  air,  the  better  for  the  patients  Sick 
people  recover  but  .slowly  in  small,  dark,  badly  ventilated  rooms  ;  and 
when  they  are  suffering  from  infectious  disease  in  such  rooms  all 
those  m  attendance  on  them  run  great  risk  of  acquiring  the  disease 
from  the  density  of  the  specific  microbes  in  the  air.  The  averse 
T\  /f.  ^fn  "^'.'^  ^  '^^^'^  ^fc  rest  and  expirfs 

InZ      A  '  T^'^'         ^^'^^        5  ^hat  is,  330  cubic  feet  in  24 

hours.    As  the  expired  air  contains  about  4-4  per  cent,  of  carbonic  acid 

gas,  a  man  gives  off  i5^l=  14-25  cubic  feet  of  carbonic  acid  gas  in 
24  hours  or  0  6  cubic  foot  in  an  hour.  The  animal  matter  contoiued 
in  inhabited  rooms  becomes  noticeable  to  the  sense  of  smell  when  the 
carbonic  acid  gas  reaches  0  8  volume  per  1,000  volumes  of  air  and  fc 
becomes  oppressive  when  it  reaches  0^9.    The  injurious  effects  ?i'^ 

such  aTfnZ^'''?  T  "^^"^'^^^^^  ^ue  to  several  factor^ 

nni  n  .  temperature  and  humidity,  disagreeable  smells  the 

poisonou.s  organic  animal  matters  exhaled,  deficiency  of  oxygen  and 

head  '.  r^'"'''  '^^^  ^''-^^  i«  this' combinatL  that^Ss  to 
headache   langour.  and  depression,  often  to  nausea  and  even  sickness 

poisonous,  but  they  are  in  comptiny  with  other  bodies  which  are  v^r. 
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certain  amount  of  it  is  benefical  both  for  animals  and  plants.  If  in 
excess,  as  it  is  in  Lower  Bengal  and  most  sea-coast  towns  in  India,  it 
makes  the  climate  relaxing.*  If  very  small  in  amount,  it  makes  the 
air  dry,  thereby  causing  much  evaporation  from  our  bodies  and  from 
plants.    Very  dry  air  is  injurious  to  plants. 

Anhnal  matter. — We  also  breathe  out  minute  particles  of  animal 
matter,  and  several  varieties  of  organic  gases,  which  are  all  ready  to 
decay  and  putrefy.  It  is  this  putrid  animal  matter  that  is  so  noxious 
in  air  that  has  once  been  breathed.  Many  years  ago,  when  houses  and 
jails  in  England  were  more  densely  crowded  with  people  than  they  are 
now,  outbreaks  of  "  plague  "  and  typhus  fever  arose.  It  was  formerly 
believed  that  the  chief  cause  of  these  outbreaks  was  the  impurity  of 
the  air  from  the  decomposing  animal  matter  and  organic  gases  exhaled 
from  the  lungs  of  human  beings.  We  now  know  that  these  impurities 
of  the  air  only  acted  as  predisposing  causes,  the  essential  cause  in 
plague  being  a  specific  bacillus,  whilst  in  typhus  it  is  probably  an 
infective  micro-organism  yet  to  be  discovered.  Recently,  this  animal 
matter  was  isolated  in  a  crystalline  form  by  a  chemist,  and  it  was  found 
that  very  small  quantities  of  it  were  capable  of  killing  dogs  and  rabbits. 
If  you  confine  the  expired  air  in  a  bottle  for  a  time,  the  animal  matter 
decomposes  and  gives  out  an  offensive  smell. 

Although  the  carbonic  acid  of  expired  air  diffuses  pretty  readily, 
the  organic  matter  is  less  volatile,  and  hangs  about  in  invisible  clouds 
unless  dissipated  by  local  currents.  Hence  the  composition  of  air  in 
an  occupied  room  is  not  uniform,  even  at  the  same  level,  though  for 
practical  purposes  it  may  usually  be  as.sumed  to  be  so.  In  a  large  room 
occupied  by  many  persons  both  the  local  currents  and  the  foci  ot 
pollution  are  numerous,  so  that  the  composition  of  the  air  is  much 
more  uniform  than  in  a  small  room  occupied  by  one  person.  The  outlet 
should  be  at  or  near  the  highest  point,  since  expired  air,  being  warm 
and  moist,  is  lighter  than  ordinary  air,  and  ascends  at  first  to  the  upper 
part  of  the  room. 

Recognition  of  foul  air— The  foul  animal  particles  and  organic 
gases  are  themselves  invisible,  but  we  can  recognise  them  by  the  sense 
of  smell  and  also  by  the  effect  they  produce  on  us  if  they  are  present 
beyond  a  certain  ratio.  Particularly  can  we  notice  their  presence  if  we 
come  into  a  crowded  room  or  tent  after  being  in  the  fresh,  open  air  1  hey 
cause  the  air  to  be  close,  stuffy,  and  disagreeable.  The  sense  of  smell 
ouo-ht  to  protect  us  from  the  evils  connected  with  the  breathing  of  foul 
air"  As  with  most  other  things,  people  get  accustomed  to  bad  smells, 
and  then  the  poisonous  gases  and  putrid  animal  matter  m  the  air  do 
not  appear  to  be  so  harmful  as  they  were  at  first. 

be  carried  00  BlnggJShly. 
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A  catastrophe  occurred  on  board  the  Irish  Steamer  "  Londonderry  " 
on  the  stormy  night  of  2nd  December  1848,  when  200  steerage 
passengers  were  thrust  below  into  their  narrow  cabin  which  measured 
18  feet  X 11  feet  and  7  feet  in  height,  and  in  which  there  was 
no  ventilation.  The  hatches  were  battened  down  and  covered  with 
tarpaulins.  In  the  morning  72  were  found  dead  and  several 
expiring. 

This  is  an  extreme  case,  but  it  helps  to  illustrate  forcibly  the 
danger  arising  from  inhaling  air  deprived  of  its  due  proportion  of 
oxygen ^nd  laden  with  animal  eflfluvia  even  tvhen  that  air  is  exhaled 
by  persons  in  perfect  health.  Even  where  there  is  efficient  removal  of 
all  animal  and  other  organic  refuse  from  the  house,  disease  may  arise 
from  simple  want  of  proper  ventilation. 

Short  of  producing  actual  death,  the  constant  breathing  of  air 
rendered  slightly  impure  by  previous  respiration,  tends  to  undermine 
health.  The  blood  is  then  not  properly  purified,  and  in  this  impure  state 
is  ready  to  receive  the  germs  of  disease  at  any  time.  It  is  this  condition 
of  the  atmosphere  of  the  rooms  that  begets  the  general  langour 
of  which  people  so  frequently  complain.  If  proper  means  are  not 
adopted  for  getting  rid  of  this  foul  air  from  bed-rooms,  we  wake  up  in 
the^  morning  feeling  heavy,  unrefreshed,  and  disinclined  for  our- 
day's  work  instead  of  being  fresh,  brisk,  and  active. 

Defective  ventilation  and  a  stagnant  air  in  a  room  may  bring 
about  a  depraved  condition  of  health,  general  debility,  indigestion 
bronchitis,  pneumonia,  a  susceptibility  to  pulmonary  tuberculosis  or 
other  lung  troubles,  and  a  predisposition  to  heatstroke. 

•  Tu^^,      ^^^^^  rendered  impure. -Besides  the  fouline  of  the 

^^^^^^^''^^^^y  ^^^>^nvesT?iT!ition,aivm^j  h&  rendered  impure  in  severll  other 

air  impure.  When  an  oil  ]amn  or 
candle  18  burning,  itgiyes  off  water,  carbonic  acid  and  some  complex  bodies  whioh 
give  the  smell  we  notice.    A  lamp  will  not  burn  in  the  absence  of  oxygen  lIuS 

as'^  child  '  "oir  ^^'^  consumes  as  mich  oxygen 

as  a  child.  One  gas  burner  consumes  the  more  oxygen  and  evolves  morp  rVrh^^ 
dioxK le  than  6  or  8  candles.  Hence  when  gas  is  employed  to  iUumTnat?  not  onlv 
should  care  be  taken  to  secure  the  constant  introduction  of  pure  but  ^Iso  to  nro^ 
vide  for  the  escape  from  the  apartment  of  the  gases  produced  in  the        VL!.  ^, 

an?  to  'tZ  e  ■ ,  '"'^  "^'^'^^  ^^'^^'^^-l  ?o?h?ThiSy"wfi  n  ^tE  re'Ta^Se' 
and  to  the  external  air  M'hen  there  is  not.  Enough  air  should  be  suii7iHfiH  fi?r.!' 
for  ourselves,  the  lamps,  and  any  fires  situated  in  inhabited  rooms 

n,;..  or  yec/et able  matter  is  decaying,  it  gives  off  foul  gases  which 

S^tPpT  thpSl^^'f The  seW'of  Imell  should  ISeTs  to 
SoMoi^  r.^^^  ''"'^  ^'^^^     *°  '•"^o^c  whatever  created  them.    Men  should 

?nnf«  If       °5  t''^  leavings  of  a  meal,  skins  of  vegetaWes  and 

thi"'"?^  «"g''^'--cane  refuse  in  barrack -rooms  or  tents  ;  they  slioukl  be 

thrown  mto  the  du8t-bin,  or  refuse-pit  or  place  specially  fixed  to  receivf  them 

and  take?;wl74Va^^^^^^^  °^  l>eavinessto  the  air  breathed 
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(4)  Clothes  should  never  be  ivashed  in  rooms ;  this  process  causes  the  foul  water 
to  soil  the  room  and  its  air,  besides  making  it  damp. 

(5)  Dirty  floors,  dirty  furniture  and  dirty  icalls  of  barrack -rooms  or  tents  give 
a  peculiar  unpleasant  smell' to  the  air.  Dirty  clothes,  boots  and  socks,  also  give  out 
offensive  odour.s.  All  inhabited  rooms  and  tents  and  their  sidewalls  and  their 
contents  should  be  kept  clean.  This  is  largely  assisted  by  keeping  the  doors  and 
windows  open,  which,  in  addition  to  letting  in  air,  gives  access  to  light,  which 
shoios  where  the  dirt  is.  A  dirty  room  in  the  hot  weather  is  rapidly  invaded  by  a 
plague  of  flies. 

(6)  Badly  constructed  drains,  and  the  absence  of  drains,  also  add  greatly  to  the 
impurities  of  the  air  in  and  near  barracks.  If  ever  we  get  a  smell  from  a  drain,  it  is 
poisonous  gas  or  gases  that  produce  it.  This  smell  may  be  removed  and  prevented  by 
flushing  all  drains,  in  and  around  the  barracks,  regularly  with  water.  If  the  drains 
are  clean,  and  yet  these  bad  smells  arise,  the  cause  is  due  to  pollution  of  the  soil 
from  decomposing  and  putrid  animal  and  vegetable  matter.  Such  smells  cause 
many  forms  of  sickness — especially  certain  infectious  fevers,  sore-throat,  diphthe- 
ria, diarrho3a,  etc.,— any  one  of  which  may  prove  fatal.  But  short  of  causing  any 
serious  disease,  foul  drains  and  putrid  soil  may  bring  on  a  feeling  of  undefined 
ill-health  — just  in  the  same  way  that  a  small  quantity  of  arsenic  may  cause  a 
certain  amount  of  discomfort,  yet  a  larger  quantity  will  kill  outright.  Ground 
that  is  fouled  by  slops  and  house  refuse  is  constantly  giving  out  bad  gases.  In 
the  soil,  as  in  our  lungs,  the  air  is  constantly  being  changed.  Pure  air  enters  the 
soil,  but  in  leaving  it  carries  away  foul  gases,  which  mix  with  the  air  we  breathe. 
Further,  if  the  ground  is  moist  (as  it  often  is  around  imperfectly  drained  houses), 
the  gases  are  damp  as  well  as  foul.  It  is  very  necessary  to  have  proper  drains 
attached  to  each  house,  so  that  all  waste  and  refuse  fluids  are  at  once  conveyed  to  a 
distance  from  the  dwelling. 

(7)  Sick  people  give  o^fffoul  gases  and  other  injurious  bodies  such  as  the  germs 
of  disease,  which  may  be  direct  poisons.  These  foul  gases  are  of  a  more  harmful 
nature,  and  greater  in  quantity,  than  healthy  people  give  off.  Many  diseases 
are  due  to  the  entrance  of  minute  invisible  vegetable  germs  into  the  body. 
Nature  tries  to  throw  off  these  germs  either  by  the  lungs  or  otherwise.  If  the 
germs  of  infective  disease  once  find  their  way  into  the  body,  some  descriptions  of 
them  may  rapidly  multiply.  Such  seeds  or  germs  come  aw.ay  in  great  numbers 
from  the  lungs  and  bodies  of  persons  suffering  from  small-pox  and  other  diseases. 
The  germs  of  small-pox  are  diffused  through  the  air  of  the  room  occupied  by 
the  patient,  and  if  we  inhale  them,  and  have  not  had  small-pox  before,  or  have 
not  been  properly  vaccinated,  they  are  likely  to  give  us  the  disease.  These  remarks 
apply  equally  to  such  diseases  as  measles,  mumps,  chicken-pox,  etc.  Germs  have 
been  found  in  connection  with  most  of  the  general, infective  diseases.* 

(8)  The  air  in  and  around  graveyards  is  impure.  Burial  grounds  should,  there- 
fore be  at  a  distance  from  barracks.  The  same  may  be  said  of  the  air  near 
brick-kilns.  Bust  containing  all  kinds  of  mineral,  vegetable,  and  animal  particles, 
frequently  renders  the  air  impure  and  irritating  to  the  lungs. 

(9)  Domestic  animals,  such  as  horses,  mules,  camels,  donkeys,  bullocks,  cows, 
buffaloes,  goats,  dogs,  sheep,  etc.,  kept  in  and  near  barracks,  houses,  and  camps, 
spoil  the  air,  as  we  do,  bv  breathing.  They  render  the  air  impure  also  in  other 
wavs  Their  droppings,  if  left  on  the  grounds  (as  they  frequently  are,  for  a 
time  at  least)  decay  and  the  foul  gases  given  off  in  the  decaying  process  pollute  the 
air  'Further,  when  this  manure  dries  up,  it  crumbles  to  powder,  which  mixes  with 
the  air  we  brea'iihe,  We  see  the  necessity  then  of  keeping  cows,  horses,  dogs,  and 
other  such  domestic  animals  in  properly  made  stables,  sheds,  kennels,  and  staudiugs 
clean  and  at  a  distance  from  the  places  we  inhabit.  These  sheds  should  be  kept 
clean. 

Every  now  and  again  in  most  of  our  Indian  Municipalities  the  carcases  of  dead 
beasts  of  burden  and  other  animals  give  rise  to  a  great  nuisance.   Where  practic 


*  See  Part  IV,  Ulemmtary  Bacteriologn/- 
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able  all  such  animals  should  be  buried  in  dry  earth  several  feet  below  the  surface 
to  leeward  of  mimicipal  limits.  When  epidemic  disease  breaks  out  amongst  animals 
this  is  a  formidable  undertaking.  If  they  cannot  be  buried,  the  entrails  should  be 
removed  and  burned,  and  the  interior  thoroughly  charred  by  a  wood  fire.  In  the 
presence  of  a  refuse  destructor  these  animals  would  be  quartered  and  burnt 
en  masse. 

Effects  of  accumulated  human  excreta.— Lastly,  and  perhaps  most  impor- 
tant of  all,  is  the  impurity  of  the  air  brought  about  by  the  accumulation  of  human 
ordure  7iear  barracks  and  tents.  The  gases  given  off  from  foul  privies  are  not  only 
disgustingly  offensive,  but  are  dangerous  to  health.  Latrines,  therefore,  should 
always  be  properly  constructed  and  kept  clean. 

Soil  contamination  in  standing  camps.—"  Soil  contamination,  and  through 
it  air  pollution,  in  standing  camps  is  only  a  question  of  time,  and  the  length  of 
time  a  camp  may  be  safely  occupied  by  troops^,  depends  largely  on  the  efBciency 
of  its  sanitary  measures.  If  proper  cleanliness  is  not  maintained,  and  dangerous 
refuse  be  not  removed,  the  frequent  transfer  of  the  camp  itself  to  a  fresh  site 
becomes  imperative."  *  An  insanitary  camp  in  the  hot  weather  is  rapidly  ^invaded 
by  a  plague  of  flies,  which  are  not  only  a  highly  probable  source  of  infectious 
diseases,  but  a  serious  cause  of  irritation,  discomfort  and  annoyance.  Accumula- 
tion of  organic  matter  and  dirt  on  the  floors  of  tents  will  certainly  attract  flies. 
The  existence  of  an  unusual  number  of  flies  in  any  camp  is  substantial  evidence 
of  neglected  sanitary  supervision  in  that  camp,  or  in  its  neighbourhood.  In  most 
of  our  Frontier  Campaigns,  dead  transport  and  other  animals  create  a  great  nuisance 
and  foul  the  air  excessively  (utcZe  supra). 

Uniform  composition  of  air.— We  now  know  the  chief  ways  by  which  the 
air  is  made  impure.  We  also  know  something  about  the  composition  of  the  air 
Notwithstanding  all  the  foul  matters  added  to  air,  it  remains  much  the  same  in" 
composition,  and  this  uniformity  is  another  wonderful  provision  of  Nature  ;  for  if 
the  air  became  gradually  more  impure,  we,  and  nil  the  animal  creation,  would  soon 
perish.  We  will  now  inquire  into  the  factors  that  are  constantly  at  workin  keeping 
up  this  uniform  composition  of  the  air. 

B.— VENTILATION. 

One  of  the  great  principles  of  sanitation  is  to  get  rid  of  whatever 
comes  away  from  the  body  as  soon  as  possible,  be  it  air  fouled  by 
breathing  or  the  waste  matters  from  the  body — fteces  and  urine. 

This  principle  directs  that  we  should  get  rid  of  the  air  we  have 
made  impure  by  breathing  and  otherwise,  as  quickly  as  practicable 
We  get  rid  of  this  foul  air,  and  supply  ourselves  with  fresh  air  by 
what  is  called  Ventilation,  which  means  the  bringing  in  of  wind 
Ventilation  teaches  us  how  to  remove  or  dilute  the  foul  air  of  dwellings 
by  a  supply  of  good  fresh  air.  It  tells  us  how  to  get  rid  of  the  impuri 
ties  that  are  given  oflf  from  the  lungs,  skin,  and  body  generally  as 
well  as  those  that  arise  from  vegetable  and  animal  decay,  combustion 
of  hghts  and  fires,  and  from  cooking.  Ventilation  is  usually  divided 
into  Natural  and  Artificial. 

Natural  ventilation.— i\^a«i4rai  ventilation  is  effected  by  the  force-^ 
of  Nature,  and  art%ficial  ventilation  is  carried  out  by  appliances  and 
arrangements  manufactured  and  used  by  man  to  aid  these  natural 
forces.    Ihere  are  three  factors  at  work  in  producing  aerial  currents. 

*  MuNSON's  Mililary  Hygiene,  p.  402.  ~  " 
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These  are — (1)  The  property  possessed  by  all  gases  of  diffusing  or  mix- 
ing with  each  other;*  (2)  the  fact  that  warm  gases  are  lighter  than  cold, 
and  therefore  ascend  ;t  and  (3)  the  force  of  the  wind.  I.et  us  consider 
each  of  these  in  detail. 

(1)  All  gases  mix  with  each  other  or  diffuse.  If  two  gases  in  two 
separate  jars  are  brought  into  communication,  they  will  diffuse  or  mix 
with  each  other  ;  the  same  rule  holds  good  regarding  ordinary  air.  The 
physical  law  regulating  such  diffusion  is  thus  expressed— the  diffusi- 
bility  of  two  gases  varies  in  inverse  ratio  to  the  square  roots  of  their 
densities.  We  see  this  by  watching  the  smoke  ascend  from  the  chini- 
ney  of  a  railway  engine ;  it  ascends  higher  and  higher,  and  as  it  rises  it 
loses  its  dark  colour  and  becomes  less  dusky,  because  it  mixes  freely  with 
more  and  more  air  or  diffuses  itself ;  finally,  we  see  that  the  smoke 
seems  to  have  disappeared  altogether  ;  at  this  stage  it  has  completely 
mixed  with  the  air.  That  which  gives  smoke  its  dark  hue  is  not  a 
gas,  it  is  minute  particles  of  carbon,  but  these  particles  are  mixed  or 
in  company  with  gases  which  diffuse  freely  in  the  air.  In  breathing, 
the  same  principle  is  in  action,  The  gases,  vapour,  and  animal  par- 
ticles we  breathe  out  mix  readily  with  the  air,  and  are  diluted  and  the 
more  air  they  mix  with  the  less  harmful  are  they. 

C>)  The  second  factor  in  natural  ventilation  is  that  warm  air 
is  liqhter  than  cold  and  therefore  ascends,  and  hy  ascending  per- 
mits cooler  air  to  take  its  place  below  hy  gravitation  The  warm  air 
rises  and  floats  on  the  surface  of  the  cool  air,  just  as  a  cork  floats  in  water 
because  it  is  lighter  than  the  water.  The  warm  and  bad  gases  m  an 
inhabited  room  ascend  towards  the  ceiling.  If  there  is  an  opeiiing  at 
the  top  of  the  room,  the  foul  air  goes  out  by  it  and  it  is  thus  got  rid  of. 
If  there  is  no  such  opening,  however,  the  bad  air  gets  cooler,  becomes 
heavy  and  descends,  and  we  are  obliged  to  inhale  it  once  more,  it 
follows,  then,  that  all  barracks  and  houses  should  have  openings  m  the 
upper  part  of  the  room  to  let  out  the  foul  air.  In  India  exit  of  foul  air 
is  best  ensured  by  having  small  windows  placed  near  the  root. 

This  second  factor  is  the  main  cause  of  the  circulation  of  air  in 
rooms  We  can  easily  prove  that  it  is  always  in  action.  Thus  it  we 
open  the  door  of  a  heated  room  in  which  there  is  no  cross  ventilation, 
and  hold  a  lighted  candle  first  at  the  top  and  then  at  the  bottom  we 
can  see  by  tlSdefleciion  of  the  flame  that  th_erejs_a  current  of  air 

 *  This  diffusion  of  gases  is  based  on  the  well-kuown  physical  priuciple  whereby 

two  gases  tfnd  to  mil  in  exact  proportions,  no  matter  what  may  be  the  quantity 
of  each. 

,i„hr.„f  1  d  Hi  of  their  volume  for  every  increase  in  temperature 
t  All  gases  expand  about  ,,,dth  of  tj^ir  ^  oiu  ^ . ^^^^^  ^^^^^ 

of  1°   Fahrenheit,  or  nri^rd  1°/^^?^^  ^A^^     ^  constant  pressure  is  proportionate 
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directed  outward  at  the  top  and  inwards  at  the  bottom  opening. 
The  smoke  of  a  piece  of  burning  brown  paper,  or  burning  camphor,  in 
front  of  a  fire-place  or  near  a  door  or  window,  will  indicate  that  a  current 
of  air  is  passing  up  the  chimney,  or  in  or  out  of  tlie  door  or  window. 
This  is  caused  hy  the  difference  of  temperature  between  tt.e  air  in  the 
room  and  the  outside  air.  All  ordinary  ventilation  depends  on  this 
difference  of  temperature. 

Where,  as  in  India,  the  difference  between  the  inside  and  outside 
temperature  is  so  little,  the  size  of  the  inlets  and  outlets  for  air  must 
be  considerably  greater  than  in  temperate  climates,  to  enable  natural 
ventilation  processes  to  effect  a  purification  of  the  inside  air.  This  is 
taken  advantage  of  specially  in  the  morning  and  evening  by  opening 
all  doors  and  windows. 


For  many  months  in  the  year  the  outside  air  is  much  hotter  than 
that  within  houses,  then  the  outside  air  draws  or  sucks  air  from  the 
outlets,  the  windows  and  doors,  the  frames  of  which  become  hot  and 
expand  the  layer  of  air  in  contact  with  them,  while  air  rushes  in 
usually  from  the  opposite  side,  to  take  the  place  of  the  air  thus  with- 
drawn from  the  room. 


The  first  point  to  ascertain  is  the  amount  of  cubic  space  a  man 
requires  in  a  room  to  keep  the  air  pure.  A  member  of  a  mixed  com- 
munity breathes  400  cubic  feet  of  air  in  24  hours,  what  sized  room  do 
we  require  for  him  ? 

The  smallest  space  that  should  be  given  to  each  person  to  live  in 
is  500  cubic  feet.    In  a  room  10  x  10  x  20  feet  we  l^ave  2,000  cubic  feet 
of  air,  and  if  six  persons  occupy  it,  this  would  give  each  person  300  odd 
cubic  feet  of  air-space.    To  keep  this  air  fresh  it  would  have  to  be 
changed  nine  times  in  the  hour,  which  could  not  be  eff'ected  by  natural 
ventilation  without  a  strong  draught,  and  in  India  it  would  be  physically 
impossible  as  ordinarily  the  difference  of  the  temperature  within  and 
without  a  house  is  insufficient  to  create  strong  air-currents.  Allowing 
only  four  persons  to  occupy  such  a  room  with  500  cubic  feet  of  air-space 
each,  the  air,  with  the  ordinary  ventilation  arrangements  of  huts  and 
small  houses,  would  be  decidedly  impure.    The  amount  laid  down  bv 
sanitarians  for  each  person  is  1,000  cubic  feet  of  air-space,  and  this 
amount  should  be  changed  three  times  in  an  hour  thus  allowing  3  000 
cubic  feet  per  head  per  hour.    Each  occupant  should  have  ],'oOO 
cubic  feet  of  air-space,  and  80  feet  of  superficial  space,  and  be  provided 
with  a  total  inlet  and  outlet  space  for  air  of  2  feet  square,  that  is  4 
square  feet.    As  this  in  the  poorer  classes  of  houses  cannot  be  obtained 
the  snaallest  allowance  should  be  500  cubic  feet  of  air-'^pace   and  40 
superhcial  feet  of  floor-space,  with  2  square  feet  of  inlet  and  outlet  area 
and  when  the  cubic  space  is  small,  the  apertures  of  outlet  and  inlet 
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must  be  large  in  propoition.  In  the  biu-racks  for  Kuropenn  troops 
each  man  gets  90  superficial  feet  and  1,440  cubic  feet  of  air-?pHce  on 
the  plains.  In  European  hospitals  each  patient  gets  V2Q  superficial 
feet  and  2,U)Q  cubic  feet  of  air-spnce. 

(3)  The  third  factor  is  that  of  the  vnnd.  It  sweeps  away  bad 
gases  arising  from  things  that  are  decomposing,  brings  in  a  supply  of 
good  air,  and  so  Ueeps  the  air  of  rooms  iresh  and  pure.  But  the  wind 
can  only  carry  out  this  office  by  our  placing  our  windows  and  doors  in 
such  a  position  that  it  can  gain  entrance  and  exit.  To  get  full  advant- 
age of  it  for  this  purpose,  we  should  have  windows  and  doors  placed 
opposite  each  other  in  the  lOom— or  better,  at  an  angle  to  one 
another— so  as  to  ensure  circulation  of  the  air,  and  thereby  prevent  its 
passing  directly  in  and  out.  But  if  the  windows  and  doors  are  placed 
at  an  angle  to  the  prevailing  winds,  they  may  he  opposite  one  another. 
'I'he  windows  should  open  directlj  into  the  outside  air. 

The  air  is  also  to  a  large  extent  puriiied  by  the  action  of  the  sun's 
rays,  by  the  chlorophyll  of  plant  cells,  and  by  being  washed  by  rain. 

Having  considered  the  natural  forces  engaged  in  ventilation,  let 
us  see  how  they  are  taken  advantage  of.  All  openings  in  a  room,  hufc 
or  tent  communicating  with  the  air,  directly  or  indirectly,  give  entrance 
or  exit  to  air  The  chief  of  such  openings  in  rooms  are  doors,  winaows, 
and  chimneys,  and  in  tents'  doorways,  side-walls,  and  in  some  instances 
small  windows.  But  all  chinks  and  cracks  in  doors,  windows  and  walls 
effect  the  same  object.  Openings  in  the  roof,  such  as  exist  in  some 
ridee-roofed  houses,  do  the  same.  Even  brick  walls  allow  some  air  to 
get  through  them,  and  thatched-roofed  houses  freely  permit  of  air 
making  its  way  from  rooms. 

We  have  said  enough  to  show  that  every  occupant  of  a  house 
should  be  supplied  with  a  sufficient  quantity  of  fresh  air. 

Ventilation  is  perfect  only  when  the  air  in  a  room  or  tent  is  as 
l)are  as  that  out  of  doors.    This  could  be  effected  with  6uO  cubic,  feet 
Sf  space  for  every  occupant,  if  the  lest  possme  --^J^^f^^f  .//^Jf: 
of  air  existed  ;  but  such  arrangements  are  rarely  found,  at  least,  m  India. 
'Aou^ands  of  lives  are  sacrificed  yearly  in  all  classes  of  the  community 
through  necrlect  of  ventilation- especially  amongst  the  labouring  and 
Sriarclasses.    It  often  happens  that,  in  the  ^-ts  of  the  lower 
classes   not  more  than  300  cubic  feet  of  air-space  is  provided  for  each 
cnn     A  large  number  of  women  in  India  are  obliged  to  hve  the 
Ser"  ptt  of'  their  lives  in  one  or  two  small  ill-ventilated  roorns^ 
The  J^Ir  a  houses  or  huts  of  some  of  the  poorer  classes  are  as  bad 
1  he  zenana  u  unfortunate  woman  is  confined  to  one 
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a  room  6'  x  7'  x  6'  and  in  this  small  chamber  three  other  women  and 
her  husband  were  crowded.  Two  of  the  other  women  and  the  husband 
subsequently  succumbed  to  that  disease 

It  is  very  necessary  for  the  good  of  future  generations  in  India  that 
gosha  or  parda-nashin  women  should  be  provided  with  enough  air 
and  light.  'I'he  present  system  tends  to  bring  about  a  gradual  lowering 
of  the  strength  and  vigour  of  such  females,  which  renders  them  unable 
to  go  through  the  natural  processes  when  ofiFspring  arrives.  Further, 
such  offspring  is  frequently  puny  and  defective  in  development,  and, 
under  existing  circumstances,  may  become  by  degrees  more  so. 

As  artificial  ventilation  of  houses  is  not  adopted  in  India,  natural 
ventilation  has  to  be  facilitated  by  properly  arranged  large-sized  doors 
and  windows.  In  the  houses  of  well-to-do  people  in  India  ventilation 
as  a  rule  is  a  matter  that  looks  after  itself.  Windows  and  doors  are 
usually  in  sufficient  numbers.  In  the  houses  of  poor  people,  as  we 
have  already  stated,  this  is  not  the  case.  It  is  desirable  that  every 
house  and  hut  in  India  be  provided  with  large  windows  capable  of 
opening  completely. 

Another  object  of  ventilation  is  to  provide  enough  fresh  air 
without  the  creation  of  draughts.  This  can  only  by  effected  when  the 
amount  of  cubic  space  *  is  sufficient.  Air  can  only  be  kept  in  a  state  of 
purity  when  3,{)0()  cubic  feet  of  air  is  supplied  to  each  person  every  hour. 
The  air  in  a  room  should  be  changed  about  three  times  in  an  hour, 
other^vise  draughts  or  perceptible  currents  of  air  are  created.  The  air 
in  a  tent  must  be  changed  more  frequently  than  in  barracks,  for  in 
barracks  on  the  plains  each  European  soldier  gets  1,440  cubic  feet  of  air- 
space and  each  Native  soldier  810  cubic  feet,  while  they  also  get  9()  and  60 
superficialfeet  of  floor  area  respectively.  Therefore  1 ,000  feet  of  cubic 
spa<3e  should  exist  for  each  person.  Such  an  amount  of  space,  however, 
cannot  always  be  furnished,  but  we  consider  that  400  cubic  feet  is  the  least 


*  Cnbic  space  refers  to  the  actual  vohime  of  air  cont.amed  in  the  room.  In  roomt 
■with  the  wallet,  floor,  and  roof  at  right  angles  to  one  another  the  cubic  sp.Tceis  gos 
by  multiplying  the  length,  breadth,  au  l  height  tooether.  In  estimating  cubic 
space  the  volume  occupied  by  bedsteads,  cupboards  and  other  articles  cf  furniture, 
and  by  permanent  projections  of  the  building  into  the  room  should  be  deducted' 
from  the  total  cubic  space,  and  the  volume  of  air  contained  in  recesses  should  be  added 
to  the  totnl  cubic  space.  The  cubic  capacity  of  such  projections  and  recesses 
should  be  calculated  separately.  The  same  may  be  done  regarding  the  air-spnce 
in  the  upper  pai  t  of  the  room  when  the  roof  is  not  horizontal  In  rooms  where  the 
tloor,  walls,  and  roofs  are  at  right  angles  to  one  another  the  c.Tlculntion  of  flotr 
space- length  X  breadth,  and  the  cubic  cupaoity  =  floor  space x  height.  In  other  casoj 
the  cubic  nnd  superficial  area  nre  found  bv  the  following  rules  :  -Area  of  triangle  = 
base X  height X  |.  Area  of  irregular  four-sided  figure  divi'le  into  two  triangles  by 
joining  two  opposite  angles,    find  the  area  of  each  triangle  and  add  together. 

Area  of  circle  =  (Diameteri2  xO-78,54. 
Area  of  8emicircle  =  (Diumeter)''^ xO  .3927. 

Area  of  an  ellipse  =  Long  Diameter  x Short  Diameter  X  0'7854. 
Capacity  of  a  dome  =  Area  of  base  X  hoight  K  J- 
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allowable.  Each  person  should  have  about  90  square  feet  oi  superficial 
space*  and  under  no  circumstances  should  it  be  less  than  48  square  feet. 
'I'he  superficial  space  is  not  of  very  great  importance  so  long  as  the  air 
can  be  changed  often  enough  to  keep  it  pure ;  but  if  the  air  is  changed 
too  often  it  causes  a  draught,  whicli  may  (especially  in  cold  weather) 
bring  about  chills  and  fever.  Even  with  a  large  superficial  space,  if  there 
be  not  proper  ventilation  arrangements,  the  air  remains  impure,  whereas 
with  small  surface  space,  if  the  ventilation  arrangements  are  good,  the 
air  may  be  kept  pure. 

Even  the  small  cubic  space  above-mentioned  (400  feet)  is  rarely 
provided  for  each  person  in  hustee  huts.  We  see  large  families  huddled 
together  in  one  small  room  and  this  occurs  in  the  huts  of  entire  areas, 
leading  to  dense  overcrowding.  It  is  now  a  well-known  fact  that 
people  in  over- populated  places  die  much  faster  than  those  in  less 
crowded  localities. 

A  simple  way  of  testing  the  effectiveness  of  ventilation  in  a 
room  is  to  take  a  "bottle  lU^' ounces  in  capacity,  which  has  a  good 
stopper.  Fill  it  with  di.-^tilled  or  boiled  water,  then  empty  it  in  the 
room,  pour  in  half  an  ounce  of  lime  water,  replace  the  stopper,  shake  up 
the  lime  water  and  if  it  becomes  milky  the  ventilation  is  insufficient. 

Ventilation  of  sleeping-rooms.— It  is  very  important  that  we 
should  be  supplied  with  good  air  in  the  room  in  which  we  sleep. 
It  must  be. remembered  that  we  pass  about  one-third  of  our  lives  in 
sleep.    Some  of  our   Native  troops  are  disposed    to  close  all  the 
doors  and  windows  of  barracks  and  all  tent  doors  at  night  during 
all  weathers.    By  this  the  good  air  is  shut  out  and  the  bad  air  kept 
in  the  room  or  tent.    The  result  is  that  the  occupants  get  up  in  tl,e 
morning  feeling  lazy,  heavy,  and  disinclined  for  their  day  s  work, 
instead  of  being  fresh  and  active.    If  we  go  into  such  a  room  in  the 
morning,  before  the  sleepers  are  awake,  we  find  the  air  oppressive  and 
offensivl.    By  sleeping  in  a  room  where  but  little  fresh  air  enters 
foul  air  is  being  constantly  breathed  and  re-breathed.    We  know  that 
the  animal  impurities  and  carbonic  acid  gas  thus  inhaled  are  injun-. 
ous     We  should,  therefore,  always  provide  for  the  entrance  of  abund- 
ance of  fresh  air  into  sleeping-rooms,  avoiding  cold  winds  and  draughts. 
This  enables  us  to  sleep  better,  and  to  awake  refreshed,     l  ie  horly 
shouhl,of  course,  be  kept  warm  with  a  sufficiency  of  bed-clothes  in 
the  cold  weather  to  prevent  chills.    We  must  keep  our  bodies  warm 
with  bed-clothes,  if  necessary,  to  avoid  chills.    In  all  cases  where  there 
is  a  top  window  or  ventilator  in  the  room,  it  should  be  kept  open. 

It  is  necessary  also  that  barrack-rooms  and  tents  be  supplied  with 
abundance  ofXsl  air  in  the  daytime.    Daring    the    day  the  men 


*  Superficial 
Bides  (>r  the  floor 
breadth 
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tire  for  several  hours  outside  and  in  the  open  air.  The  doors  and 
windows  should  always  be  opened  during  this  time  except  when 
actually  raining,  and  even  then  one  or  otlier  side  can  usually  be  kept 
open. 

Effects  of  re-breathing  air.— By  breathing,  we  rapidly  spoil  the 
air.  A  mouse  placed  in  a  wide-mouth  botlle  closed  with  a  good  glass 
or  rubber  stopper  dies  in  a  short  time,  chiefly  from  want  of  oxygen 
and  breathing  carbonic  acid  gas  and  animal  impurities.  If  we  are 
shut  up  in  a  place  where  the  good  air  from  outside  cannot  enter 
and  the  bad  air  from  within  cannot  make  its  exit,  we  soon  become 
ill ;  and  if  we  remained  long  under  these  conditions,  we  should  die. 
We  have  all  heard  of  the  Black  Hole  of  Calcutta.  This  was  a  small 
room  in  which  146  persons  were  placed  for  a  whole  night,  the  room 
having  but  two  small  windows,  which  were  closed.  During  the  night, 
the  people  suffered  intense  a^ony,  and  in  the  morning  only  23  of  them 
were  found  alive,  the  other  123  having  died  from  the  bad  effects  of  air 
that  had  been  breathed  over  and  over  again  (see  p.  167). 

Punkahs. — Punkahs  are  real  accessories  to  ventilation.  They 
cause  the  speedy  removal  of  watery  vapour  from  the  skin  and  thereby 
cool  the  latter,  dilute  and  remove  the  expired  air,  and  also  at  each  swing 
force  a  blast  of  air  out  of  all  openings  on  one  side  of  the  room,  which 
necessitates  fresh  air  entering  by  openings  at  the  other  side,  and  the 
stiller  the  air  the  more  effective  is  their  action  in  tliis  last  named  way. 

The  cooling  effect  of  the  punkah  alluded  to  is  due  to  tlie  constant 
change  of  the  air  in  immediate  contact  with  the  skin  which  facilitates 
evaporation  of  the  sensible  and  insensible  perspiration,  and  helps  the 
abstraction  of  heat  from  the  surface  so  long  as  the  air  in  the  room  is 
colder  than  the  skin,  and  is  not  it-self  saturated  with  watery  vapour. 

Tatties  and  Thermantidotes.— These  work  in  the  summer  in  the 
barracks  of  some  stations  and  by  them  the  occupants  may  be  rendered 
more  comfortable.  Tatties  are  screens  made  with  khas-klias  grass 
which  is  kept  constantly  wet  with  water  sprinkled  on  it.  These  screens 
exactly  fit  the  doors  and  windows  and  are  watered  either  by  some 
automatic  arrangements  or  by  a  coolie  throwing  water  over  them 
periodically.  The  hot  outside  air  in  passing  through  tlie  tatties 
gives  up  its  heat  and  causes  evaporation  of  the  water,  thereby  cool- 
ing the  air  passing  through  it. 

Another  method  of  carrying  out  this  is  by  means  oUhermantidoies 
which  are  revolving  wheels  with  fan-like  spokes  of  khas-khas,  tlie 
whole  being  enclosed  in  a  wooden  case.  The  tatties  of  the  ther- 
rnantidote  may  also  consist  of  circular  pieces  of  khas-khas  adapted 
to  the  sides  of  the  wooden  case,  the  spokes  of  the  wheel  being 
thin  flat  pieces  of  wood.  In  either  case  the  khas-khas  is  watered  from 
outside.    The  mouth  of  the  thermantidote  fits  into  a  wooden  framework 
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adjusted  to  the  door  or  window,  the  ordinary  door  and  window  being 
removed  to  permit  of  tliis  being  done.  It  is  not  wise  to  work  in  a  room 
into  which  a  tliernmntidote  opens  directly,  as  the  temperatm-e  of  the 
room  iiuiy  be  considerably  lowered  and  render  the  occupants  liable  to 
chill.  If  used  it  should  open  into  a  room  adjoining  and  communioating 
by  a  door  with  that  in  which  we  are  working.  One  lias  been  in  a 
house  in  Hyderabad  (Decf^an)  in  May,  in  which  the  air  at  the  mouth  of 
the  thermantidote  was  found  to  be  TG""  F.,  when  the  verandah  tem- 
perature was  99°  F. ;  so  apparently  cold  was  that  particular  room 
that  the  residents  sat  in  an  inner  room  communicating  with  it,  the 
temperature  of  the  inner  room  being  86°  F. 

Electric  fans. — Electric  fans  are  superior  to  punkahs  in  that 
their  acliou  is  uniform,  and  not  subject  to  variation  as  to  the  amount 
of  air  set  in  motion.  They  nndouhtedly  add  considerably  to  one's 
comfort.  'I'hey  also  obviate  the  necessity  of  employing  punkah  coolies 
who  are  a  sore  trial  to  the  tcjnper  in  the  hot  weather,  and  are  frequently 
the  harbourers  of  malarial  parasites. 

FOOD. 

A.— Classes  of  food-stuffs. 

The  method  of  feeding  the  Army  is  a  very  important  factor  as 
regards  efficiency,  and  all  ranks  should  be  familiar  with  the  main 
points  wliich  should  regulate  the  selection  of  certain  foods,  their 
method  of  preparation,  digestion,  their  uses  in  the  economy,  and  the 
various  diseases  that  might  arise  from  defective  feeding. 

Importance  of  proper  food  on  field  service.— The  food  of  the 
fighting  soldier  is  one  of  the  most  important  concerns  of  a  campaign, 
and  its'  importance  grows  with  the  length  of  a  campaign.  Defects  in 
the  field  diet  as  a  rule^take  some  time  to  develop  their  evil  consequences. 
The  bad  results  of— a  diet  deficient  in  quantity,  defective  in  qnahty, 
lackino-  in  variety,  unbalanced  as  to  the  proximate  principles  *  required 
for  the"  normal  physiological  working  of  the  fighting  man's  economy, 
improper  preparation  or  defective  cooking,  etc.,  sooner  or  later  mani- 
fest themselves.  In  one  or  more  of  these  ways  the  factor  of  diet  may 
aflfect  the  fighting  capacity  of  a  force.  Accidental  errors  in  diet,  or  at 
times  the  eating  of  certain  articles  of  food,  may,  on  field  service  as  in 
peace  times,  produce  their  eflfects  abruptly  in  the  form  of  acute 
indicxestion,  colic,  diarrhrea,  acute  food-poisoning,  etc.,  but  this  is  an 
exceptional  occurrence  and  need  not  be  here  taken  into  account. 

•  The  diflereiit  substances  entering  into  the  composition  of  >»nv  .nrticle  of  food 
human  organism." 
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What  is  a  food. — A  food  in  a  wide  sense  is  anything  that  aids  in 
keeping  up  the  form  and  action  of  our  bodies  under  all  conditions  of  life. 
Everything  which  goes  directly  or  indirectly  to  the  growth  or  repair 
of  the  body,  or  to  create  force,  motion,  or  energy  in  any  form,  may  be 
called  a  food,  l^ehned  in  this  way,  foods  include  all  solids  and  liquids 
consumed  and  the  oxygen  of  the  air  we  bi-eathe. 

Before  entering  upon  a  consideration  of  the  actual  foods  used,  it 
wonld  be  well  for  us  to  accjuire  some  general  knowledge  regarding  the 
uses  of  food,  how  they  serve  to  purposes  of  the  economy,  and  subse- 
quently to  consider  the  manner  they  are  prepared  for  digestion  and 
assimilated,  the  way  in  which  food  may  be  harmful,  and  the  con- 
ditions that  determine  the  dietary  used.  Finally  we  will  deal  with  the 
various  beverages  we  consume. 

The  chief  part  of  the  food  of  man  is  obtained  from  the  animal 
and  vegetable  kingdoms.  'J'he  complex  organic  compounds  necessary 
for  the  food  of  man  cannot  be  constructed  out  of  the  simple  elements. 
When  these  compounds  ^ain  entrance  into  the  system,  thev  form  others 
which  fit  them  for  the  purposes  of  man's  economy.  They  cannot  be 
formed  from  the  mineral  or  inorganic  kingdom  There  are  no  arrange- 
ments in  the  lungs  for  utilising  the  nitrogen  of  the  air  to  supply  us 
with  this  element,  as  there  is  with  regard  to  oxygen.  Nor  can  we 
digest,  absorb,  or  utilise  a  solid  piece  of  charcoal  to  provide  the  quantity 
of  carbon  needed.  To  plants  alone  is  given  the  power  of  formino-  com- 
pound organic  bodies  out  of  the  inorganic  kingdom.  Nearly  all  our  food 
therefore,  must  come  directly  from  the  vegetable  world,  or  indirectly 
from  it  through  lower  animals. 

Need  of  f00d.-Man  as  well  as  all  things  living,  is  always  doina 
something-alvvays  at  work.  Much  of  the  work  we  do  is  visible-snl-h 
as  standing,  walking,  running,  lifting  weights,  swimming,  playing  out- 
door games,  etc.  This  is  called  external  worker  visible  eneroy  Vanv 
actions  however  go  on  without  notice,  such  as  breathing,  the  beatinrof 
the  heart  and  the  action  of  the  brain.  The  energy  exp'ended  in  these 
unnoticed  actions  is  called  mfemai  tyor/c. 

The  healthy  body  is  perpetually  working  and  wasting  ;  every  aef 
performed  means  so  much  waste  of  tissue.    With  this  waste  there  is 
wear  and  tear  and  the  formation  of  effete  products,  which  the  bndu  h 
to  get  rid  of.    These  are  thrown  off  by  the'lungs,  skfn  and  IfdiXs 

All  this  waste  of  tissue  is  associated  with  oxidation  processes  or  a 
slow  burning  which  IS  going  on  within  the  body.  In  ^thTox  datLn 
the  lungs,  skin  and  kidneys  throw  off  daily  from  the  sy.stem  abou  ToS 


168 


PREVENTION  OF  DISEASE. 


While  oxidation  is  going  on  properly  in  health,  the  body  remains 
at  a  more  or  less  constant  temperature.  Without  these  oxidation  pro- 
cesses the  body  gradually  becomes  colder.  After  death  tlie  body 
loses  heat  and  becomes  quite  cold. 

To  repair  this  constant  waste  of  tissue  in  the  body  food  is  required. 
Food  contains  the  carbon,  hydrogen,  nitrogen  and  oxygen  and  other 
elements  needed  to  make  up  the  loss.  A  man  of  average  weight  during 
the  course  of  the  year  ingests  about  a  ton  (or  2,210  pounds)  of  food 
and  liquid. 

Functions  of  food. — The  food  we  consume  subserves  four  special 
purposes : — 

(1)  The  production  of  energy;  (2)  the  production  of  heat; 
(3)  the  repair  of  waste  produced  by  wear  and  tear  of  the  tissues 
and  cells  of  the  body ;  and  (4)  the  building  up  of  new  tissues  or 
materials. 

Before  the  food  can  reach  the  tissues  and  organs  of  the  body  it 
must  be  ^reatly  changed.  To  understand  how  this  change  is  brought 
about  we"  must  know  something  regarding  the  nature  ot  foods,  and 
the  apparatus  by  means  of  which  this  change  is  effected. 

Classification  of  foods.- i'^oods  are  of  various  kinds.— To  enable 
ns  to  have  some  idea  as  to  the  essential  qualities  of  foods,  it  will  be 
necessary  for  us  to  classify  them  in  a  simple  way  and  to  briefly 
describe  the  chief  articles  of  diet  contained  in  each  class. 

Foods  may  be  divided  into  two  classes— Inorganic  and  Organic. 
Everything  we  eat  or  drink  belongs  to  one  or  other  of  the  following 

divisions  : — 

Inorganic. 

Water. 

Mineral  matter,  as  common  salt. 

Organic . 

Albumen,  which  occurs  in  meats  and 
eggs. 

I'rotrid  lutiosenous,  Fibrin,  which  ocouis  in  blood, 

albumiuous  ■    ^6efh-lormi„g^    Gelatin,  which  occu,.  .n  bone,  and 

connective  tissues. 
Casein,  wliich  occurs  in  milk. 
^  Gelatin,  which  occurs  in  cereals, 
r  Hydrocarbons,  as  in  oils  and  fats. 
Non-nitrogenous    (beat^    Oirbohydrates,    as    in    starches  and 
and  force  producers).  i  sugars. 

■''--/r"tttzi"b;"'ii'e.:d"rhS  ^  trr; 

ftrr nS=Wtt  «  tor  maintaining  the  bcdy  in  health; 
they  are  luxuries. 
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Water. — We  have  already  considered  the  more  important  facts 
in  connection  with  the  subject  of  water.    We  need  here  only  say  a  few 
words  regarding  its  function  as  a  food  and  solvent.    Our  tissues  and 
organs  contain  a  large  proportion  of  water,  part  of  which  is  free  and 
uncombined,  the  other  part  is  in  close  combination  with  them.  One 
part  soaks  and  imbues  the  tissues,  the  other  forms  part  of  their  struc- 
ture.   An  adult  man  when  doing  a  moderate  amount  of  work  requires 
about  46  ounces  of  so-called  dry  food  to  keep  him  in  health.  About 
one-half  of  this  consists  of  water,  so  that  only  about  23  ounces  is  solid, 
dry  food.  As  average  adult  loses  from  the  skin,  kidneys  and  luncrs 
about  80  ounces  of  water  daily.  He  requires,  therefore,  a  similar  quantfty 
to  make  up  for  this  loss.    Some  foods  contain  a  large  amount  of  water. 
Beef  or  mutton  contains  72  per  cent,  of  water;  in  other  words,  1  lb.  of 
either  of  these  consists  of  about  12  ounces  of  water  and  4  ounces  of  dry 
solid  meat ;  bread  38  per  cent.    Vegetables  contain  from  85  to  98  per 
cent,    Such  articles  as  turnips  are  almost  all  water ;  fresh  fruit  is  much 
the  same  in  this  respect.    Butter  contains  16  per  cent,  of  water. 

Purposes  served  by  water.— Water  acts  as  a  general  solvent 
/.v^^r^  "^^^^^^  property  it  serves  to  convey  nutriment  to  all  parts 
ot  the  body.  So  long  as  water  is  taken  the  absence  all  other  food 
can  be  borne  for  a  comparatively  long  time.  When  deprived  of  food 
and  water,  it  is  thirst  we  feel  most  and  soonest.  This  thirst  is  felt 
m  the  mouth  and  throat,  but  this  is  merely  a  local  sensation  express- 
ing a  general  want -a  demand,  on  the  part  of  the  body,  for  fluid 
VV  ater  is  equally  necessary  for  the  removal  of  waste  matter  from  the 

is  •  ^^"e/--^^'^^  o^ly  i^ii^eral  matter  for  which  man  craves 

IS  salt.    1  his  he  takes  as  a  regular  article  of  diet.    The  other  forms 
of  mineral  matter  that  he  requires  are  taken  in  sufficient  qiaS 
with  the  other  classes    of  foods-albuminous  or  nitrogenous  and 
vegetables.    Many  substances,  however,  as  rice,  sago,  and  arrowroot 
contain  scarcely  any  mineral  matter,  whereas  others,  such  as  meat 
fruit,  and  vegetables,  abound  in  them.    The  desire  for  common  Ll/ 
arises  from  the  fact  that  it  is  necessary  to  all  the  impoi  taTfluids  o 
the  body,  and  especially  to  the  blood  ;  it 'also  forms  an  ^impo^-  an?  mrt 
^^l^^aastrzcjuwe.    Mineral  or  saline  matter  is,  therefore  reauhed 
in  the  body  but  it  is  required  in  varying  quantity'for  the  tissues  and 
fluids.    Potassium  salts  are  contained  in  the  blood  and  muscTes^^^^ 
mtLTmarer;?        \^^f--^tion  of  bone,  and  botli  Thi^ti-mr 
Sable  food  '^^r^^^^^  ^"^""-^  ^"^^^  °f  --^d  in  some- 

E  cells  Ts  ln  .         ""1"''^      ^"^^"'^^  «f  the  red 

Diooa  cells,  is  also  contained  in  some  of  our  food-stuffs. 

inih^Z^uLf^!l'^t?  f'^  supposed  to  arise  from  deficiency  of  lime 
ofwT^lf  l^en^ing  and  enlargement  of  t^he  ends 

0  hones  met  with  in  some  children  is  said  to  be  due  to  this  cause  Thl 
disease  in  which  these  are  met  with  is  called  rickets. 
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Nitrogenous,  proteid,  or  albuminous  food.— This  is  the  class 
of  food  which  serves  to  furnish  us  with  the  nitrogen  required  for 
building  up  the  tissues  of  the  body.  The  principal  foods  of  this  class 
are  obtained  from  the  flesh  of  animals  killed  for  man's  consumption. 
But  many  vegetable  foods  also  contaiQ  it;  for  instance,  we  have  a  nitro- 
genous body  in  beans,  peas,  and  dul,  called  legumen,  which  forms  the 
chief  source  of  nitrogen  in  all  vegetable-eating  races. 

Proteids  are  by  far  the  most  complex  class  of  foods  and  can  only 
be  obtained  from  either  animal  or  vegetable  structures.  They  are  all 
rich  in  one  or  more  of  the  following  organic  compounds — albumen, 
casein,  fibrin,  gelatin,  myosin,  gluten  and  legumen. 

Albumen  is  typically  represented  in  white  of  egg.  When  an  egg  is  boiled  the 
outer  part  becomes  of  a  white  colour.  The  liquid  pait  of  the  blood  called  seran. 
contains  a  large  amount  of  albumen,  as  do  all  flesh  meats. 

Casein  is  the  main  constituent  of  cheese  and  the  chief  part  of  the  curd  of  milk. 
Fibrin  is  largely  contained  in  the  blood  and  in  muscles.    In  many  respects  it 
is  like  albumen. 

Gelatin  enters  largely  into  the  composition  of  gristle,  bone  and  skin,  and  these 
yield  it  up  on  boiling.  The  calves'  feet  jelly  made  in  the  sick-room  consists  largely 
of  this  material. 

Myosin  is  one  of  main  constituents  of  muscle  fibre  of  flesh  of  animals. 
Gluten  is  vegetable  fibrin,  and  is  contained  in  grain  foods,  such  as  wheat, 
maize,  Indian-corn,  etc. 

Legumen  resembles  casein  and  is  often  called  vegetable  casein.    It  is  the 
nutritive  part  of  peas,  beans,  and  dal. 

All  these  materials  contain  carbon,  oxygen,  hydrogen  and  nitro- 
gen ;  they  are,  however,  particularly  rich  in  nitrogen,  hence  they  are 
called  nitrogenous  foods.  Peas  and  beans  contain  them  largely ;  they 
are  to  a  less'  extent  contained  in  wheat- flour,  atta,  barley,  oatmeal,  etc. 

Proteid  or  nitrogenous  food-stuff   is    essentially  necessary  for 
nutrition.    It  is  the  only  proximate  principle  which  cannot  be  excluded 
from  the  diet.    We  could  live  on  meat  alone  if  taken  in  sufficient 
quantity,  hnt  it  would  not  be  economical  to  do  so,  and  it  would  tax 
the  various  functions  of  the  body  to  get  rid  of  the  excessive  amount  of 
harmful  waste  products  formed  during  its  digestion  and  assimilation. 
The  meat  would  contain  an  excess  of  nitrogen,  and  is  too  poor  m  the 
other  classes  of  foods.    Alone  it  is  not  sufficient  to  keep  the  body  in 
a  healthy  state  for  any  length  of  time.    On  the  other  hand,  we  could 
not  live  on  any  other  class  of  food.    Starch,  sugars,  and  fats  contain 
carbon,  hydrogen,  and  oxygen,  but  no  nitrogen.    A  number  of  dogs 
were  fed  on  an  entirely  starch  diet  for  some  months.    They  then  died 
from  symptoms  similar  to  those  met  with  in  death  produced  by  starva- 
lion     This  iovm  oi  death  is  called  nitrogen  starvation.    Some  proteid 
must  be  added  to  the  food-stuff,  which  may  be  supplied  from  either 
Uie  animal  or  the  vegetable  kingdom.    Some  of  tlie  cereals,  especially 
wheat-flour  and  maize  {bajra),  contain  a  comparatively  large  amount 
of  nitrogenous  matter,  called  gluten. 
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Decrease  of  nitrogenous  material  in  food  leads  to  a  lessening  of 
the  oxidisable  albumen  in  the  blood  (circulating  albumen),  impairment 
of  energy  and  stamina,  and  decrease  of  weight. 

When  excess  of  nitrogenous  material  is  absorbed  into  the  system, 
it  may  lead  to  defective  oxidation,  giving  rise  to  excess  of  uric  acid  * 
in  the  body.  It  may  also  lead  to  engorgement  of  the  liver,  full- 
bloodeduess,  diarrhoea,  and  after  some  time  to  a  gouty  condition  of  the 
body.  In  cold  climates,  there  is  naturally  greater  muscular  activity  than 
in  hot  climates,  and  this  helps  ia  using  up  the  unoxidised  products 
which  arise  from  an  excess  of  nitrogenous  material  in  the  food.  Hence 
Europeans  coming  to  India  should  eat  less  nitrogenous  food  than  they 
do  in  Europe,  especially  during  the  hot  weather. 

Muscular  exertion  calls  for  but  little  increase  of  nitrogenous  food. 
The  urea  discharged  (which  represents  the  oxidation  of  the  circulating 
albumen  in  the  blood  and  the  wear  and  tear  of  the  tissues)  is  but  little 
increased  under  excess  of  physical  exertion. 

Functions  of  nitrogenous  foods.— The  chief  functions  of  proteid 
or  nitrogenous  foods  are :— To  repair  the  waste  and  the  wear  and  tear  of 
the  body  and  build  up  the  tissues  ;  to  some  extent  they  furnish  material 
for  combustion  or  oxidation,  by  means  of  which  the  temperature  of  the 
body  is  maintained,  but  for  this  latter  purpose  they  are  not  as  suited 
as  other  classes  of  foods ;  they  also  regulate  the  processes  of  oxidation 
in  the  body. 

Nitrogenous  food  is  supplied  as  meat,  eggs,  milk,  or  leguminous 
foods.  As  a  rule,  we  consume  only  the  flesh  of  animals  that  live  on  the 
products  of  the  vegetable  kingdom,  although  some  races  will  eat  anything 
from  a  snake  or  dog  to  a  man. 

Starches  or  carbohydrates.— About  two-tbirds  of  the  food  we  con- 
sume consists  of  starches  or  carbohydrates  ;  it  includes  the  several 
varieties  of  starch,  sugar,  and  gum  met  with  in  the  vegetable  kingdom 
which  contain  practically  no  nitrogen;  they  are  principally  contained 
in  what  are  called  cereal  grains.  They  form  a  most  important  part  of 
our  mam  food-stuffs.  At  any  one  time  the  amount  of  carbohydrate 
material  actually  present  in  the  body  is  small. 

Starches  and  sugars  are  all  compounds  of  carbon,  hydrogen  and 
oxygen,  and  are  cMed  carhohyclrates  because  their  chemical  formula 
contains  twice  as  many  atoms  of  hydrogen  as  of  water,  or  carbon  + 

Although  all  the  various  cereal  grains  look  very  different  from 
one  another,  they  all  possess  a  large  proportion  of  starch,  which  consists 
ot  granules  made  up  of  layers  one  covering  the  other,  the  outer  layers 

a  smlirmmatin- nf  H?''^''"'f^  ^"-^^  which  is  e.vcretecT' by  tbe  urine  and  tiirough  it 
II Td  N  ^  ^       "^"'^^  "itrogeu  of  the  body  is  got  rid  of.    U  contains  U,  O. 
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being  the  harder.  This  external  layer  is  called  the  cellulose  envelope. 
These  granules,  when  subjected  to  heat  by  boiling,  swell  up,  burst  the 
outer  covering  and  form  a  gummy  mass,  which  on  cooling  becomes 
jelly-like.  This  action  of  heat  is  necessary  to  enable  the  digestive 
juices  to  act  on  the  grains  of  starch.  Until  this  action  takes  place 
starch,  as  an  article  of  diet,  is  useless.  The  saliva  contains  a  body  called 
'ptyalin  which  converts  starch  into  a  form  of  sugar  called  grape  sugar. 
Starchy  food  should  be  slowly  masticated  in  order  that  all  parts  of 
it  may  be  thoroughly  mixed  with  the  saliva.  Starches  enter  largely 
into  the  composition  of  flour,  atta,  hajra,  etc.  Rice  consists  almost 
entirely  of  starch. 

Grape  sugar  (glucose)  has  a  molecular  chemical  formula  of  H,j  O^,  cane 
sugar  H22  Oil,  starch  Cg  H,o  O^.  Chemically  there  are  many  -varieties  of 
starch  liaving  the  general  chemical  formula  (CoHio  m,  the  «  representing  a 
varying  number  of  molecules  in  each  form  of  starch. 

In  the  oxidation  of  the  sugars  or  carbohydrates  oxygen  is  only  required  to 
oxidise  the  carbon  as  the  liydrogen  and  oxygen  exist  already  in  the  exact  proportion 
to  form  water.  This  is  shown  by  the  common  chemical  formula  for  sugars,  Co  H,2 
0„,  which  might  be,  in  this  sense,  represented  as  C^  (HoO)„.  With  fats  more  oxygen 
is  needed  to  completely  oxidise  the  hydrogen  as  well  as  the  carbon. 

Starch  is  widely  diffused  through  the  vegetable  kingdom.  It 
qccurs  in  Nature  in  the  form  of  microscopic  grains,  varying  in  size, 
shape,  and  appearance,  according  to  their  source  (Figs.  26—31). 


Fia.  28.— Potato  starch.  F.  29.— Bermuda  arrowroot  starch. 


Fia,  30.— Pea  starch. 
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Each  consists  of  a  central  spot,  round  which  more  or  less  concentric 
envelopes  of  starch  proper  (granulose)  alternal;e  with  layers  of  cellulose* 
Although  the  various  cereals  look  very  different  from  one  another 
they  all  possess  a  large  proportion  of  starch. 

Starch  itself  is  insoluble  in  cold  water,  but  boiled  with  water,  it  swells  up  and 
forms  an  incomplete  opalescent  solution  which  if  concentrated  gelatinises  on  cool- 
ing. When  iodine  is  added,  it  turns  blue.  When  acted  on  by  saliva  or  pancreatic 
juice,  it  is  converted  into  a  watery  fluid  (hydrolized  t),  first  forming  dextrin  and 
then  grape  sugar  (dextrose). 

Before  the  formation  of  dextrin  the  starch  solution  loses  its  opales- 
cence, a  substance  called  soluble  starch  being  formed. 

The  large  class  of  carbohydrates  includes  sugars.  There  are  differ- 
ent kinds  of  sugar:  the  one  we  daily  use  is  cane  sugar,  yet  all  varie- 
ties of  starch  and  sugar,  before  entering  the  blood,  are  changed  into 
grape  sugar.  It  is  in  this  form  that  all  starches  enter  the  blood,  for 
grape  sugar  is  readily  dissolved  in  the  juices  of  the  alimentary  canal  and 
easily  passes  into  the  blood  vessels.  A  due  proportion  of  ordinary 
sugar  is  a  wholesome  addition  to  our  food. 

Sugar  is  also  contained  in  many  other  articles— in  fruits,  as  oran- 
ges, grapes,  water  melons  and  marsh  melons,  beet-root,  plantains,  and 
also  in  the  flesh  of  animals  in  the  form  of  glycogen.  ' 

The  principal  use  of  starches  is  to  iiroduce  heat.  In  some  cases 
they  are  changed  to  fat. 

1,  .t,!'^*^^^'  hydrocarbons— Hydrocarbons  or  fats  are  contained  in 
both  the  animal  and  vegetable  kingdoms.  We  get  butter  and  ghee 
from  the  milk  of  the  cow,  and  solid  fat  or  suet  from  slaughtered  ani- 
mals ;  from  plan  s  we  get  vegetable  oils.  This  class  forms  a  very  valu- 
able part  of  our  diet,  as  it  helps  us  to  utilise  the  other  foods  inside  the 
body.  Ihey  are  almost  as  necessary  to  a  healthy  dietary  as  the  proteid 
matters.    Fats  are  compounds  of  glycerine  with  fatty  acids.  There 

fL',-!  Tv,  K  ^"'^^^  stearin,  palmatin  aud 

olem,  which  are  built  up  from  three  corresponding  fatty  acids. 

The  preparation  of  a  fat,  previously  to  its  absorption,  occurs  in 
three  stages.    I  is  melted,  emulsi6ed,J  and  split  up  into  gi;cerine  and 

b^dj  ^Jfat  ^^^I^J:^^^  e  of 

^^^^^^^^^ 

poseI^''^^"^"''''*^''^^°"'^'''°^^'^"^'°f^l>i<^'ithe^  of  plants  are  com- 

andlh^nS  i.p  into^ZX?^.r,SSeS.'^°  '''''  ^'"'^  ^^'^^ 

advalfage'o?  wMch^i^to''.^^^^  f'?^"^^^-  particles  the 

pancreatic  iuicl  8teL«i"  >  to  n^^nw  S^^^.'^^r  ?°"^P  ^^tiou  of  the  fat  ferment  of 
(w<re  section  on  i'vS^^^  the  <^ell8  of  the  villi 
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v.,^  xi^o  v^j.  Although  carbohydrates  are  more  readily  assimilated  than  fats,  they 
are  40  per  cent,  less  uourishing.  The  fats  chiefly  serve  the  purposes  of  heat-produc- 
tion and  mechanical  energy  in  the  body.  When  taken  in  due  proportion  with  the 
other  aliments,  they  help  digestion  and  assimilation  of  the  other  classes  of  foods. 
If  fatty  matters  are  taken  in  excess,  they  are  then  deposited  in  the  body  or  lead  to 
indigestion  and  are  discharged  unused.  The  fats  taken  as  food  are  not,  however, 
simply  deposited  in  the  body  as  fat,  but  are  more  or  less  changed  before  being  so 
deposited. 

The  fats  and  carbohydrates  of  food  provide  the  body  with  the 
oxidisable  material  required  for  the  production  of  heat  and  force  ;  and 
they  are  finally  thrown  oflf  as  carbonic  acid  and  water.  They  help  in 
the  nutrition  of  the  tissues  and  in  the  excretion  of  waste  products.  The 
a7nount  of  fat  in  the  diets  of  European  soldiers  is  deficient— this  applies 
to  not  only  our  own  Army  but  to  that  of  ail  European  countries. 

An  excess  of  either  fats  or  starches  decreases  the  oxidation  of 
nitrogenous  matter,  and  leads  to  the  accumulation  of  fat  in  the  tissues. 
A  deficiency  of  either  causes  an  increased  metabolism  of  circulating 
albumen,  defective  nutrition,  and  loss  of  weight. 

If  fats  or  starches  are  withdrawn  from  the  food,  the  nutrition  is 
eventually  interfered  with,  although  to  some  extent  they  are  inter- 
changeable. This  latter  fact  is  demonstrated  in  the  diet  of  the 
Esquimaux  which  contains  but  little  carbohydrate. 

Assessory  Foods.— Luxitries.— There  are  certain  foods  (the  use  of 
which  we  are  only  imperfectly  acquainted  with)  classified  as  accessory 
foods  They  include  a  long  list,  amongst  which  are  tea,  cofi"ee,  condi- 
ments, alcoholic  beverages,  etc.  We  could  probably  do  without  them, 
yet  they  appear  to  be  useful  in  some  ways  ;  in  short,  they  are  not 
indispensahle— they  are  luxuries.  Some  are  used  by  the  nervous  system, 
especially  tea  and  oofifee.  We  know  by  experience  that  a  cup  of  strong 
coffee  or  tea  frequently  removes  muscular  and  mental  weariness  like  a 
charm.  An  excessive  use  of  condiments,  highly  seasoned  sauces 
cayenne  pepper,  Indian  chillies  (as  in  pungent  curries),  etc.,  is  harmtul 
to  the  stomach  and  digestive  system  generally. 

Some  of  these  accessory  foods  subserve  the  functions  of  mttrition 
in  the  body;  others,  as  we  shall  see  in  a  later  page,  assist  digestion. 

Change  of  food  into  tissue -Metabolj^^^^^  ttm™ 

nf  the  working  capacities  of  these  living  cells. 

ijroducts  resulting  from  such  breaking  uowu,  jji^aracter  of  these  chemical 

Snsof  excretion.  /J'^'^^^^al  am^^  the  food-stuffs  cou- 

changes  is  ascertained  by  ,^°>^P'  products  on  the  other. 
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In  all  cases  there  is  a  limit  to  the  amount  of  any  particular  class  of  food  that 
can  be  digested  and  assimilated,  e.g.^  if  too  many  eggs  are  eaten,  some  of  the  excess 
of  albumen  is  absorbed  and  tlirowii  off  by  the  kidneys  in  the  urine,  and  the  kidneys 
may  be  damaged  in  the  process  ;  if  too  much  starch  food  is  taken,  sugar  appears  in 
the  urine.  In  these  cases  the  powers  of  assimilation  has  been  overstepped.  Usually 
however,  when  such  excess  is  indulged  in,  it  is  defectively  digested.  Except  in  the 
case  of  infants  and  very  young  children,  the  food  must  be  adapted  to  the  age  of  the 
individual,  the  amount  of  work  done,  and  the  climate.  In  children  the  proteid 
should  be  in  relatively  greater  excess,  and  the  chief  carbon  containing  food  may  be 
reduced. 

B. — Description  of  thi?  Chief  Nitrogenous  proteid  or 

ALBUMINOUS  FOODS. 

Animal  nitrogenous  foods — In  thi.s  category  are  included  those 
animal  foods  which  contain  substances  rich  in  nitrogen,  such  as  alhul- 
men,  gelatin,  fibrin,  etc. ;  these  are  the  flash  of  animals,  eggs,  milk 
and  cheese. 

The  value  of  dififerent  kinds  of  flesh  food  depends  on  the  amount  of 
nitrogenous  and  other  matters  they  contain,  and  upon  the  ease  with 
which  they  can  be  digested.  All  flesh  contains  a  large  proportion  of 
water,  and  a  varying  quantity  of  fat— even  lean  meat  contains  fat  mixed 
up  with  the  muscle  fibres.  The  nitrogenous  principle  or  proteid  of  all 
flesh  food  is  in  the  lean  part  of  the  flesh. 

Beef.— The  flesh  of  the  cow  is  very  nourishing,  but,  being  of  firm 
texture,  it  is  less  easy  of  digestion  than  mutton.  The  older  the  animal 
the  denser  is  its  flesh,  the  harder  is  it  to  digest,  and  the  less  the  nutri- 
tive matter  it  contains.    Cow  beef  is  inferior  to  ox  beef 

Good  beef  is  firm  to  the  touch,  does  not  pit  on  pressure  by  the 
finger,  is  not  coarse  in  texture  and  has  a  moderately  briffhtred  colour  • 
it  should  not  be  too  pale  a  pink  nor  too  dark  a  red  ;  it  is^'marbled  with 
streaks  of  fat  running  between  the  muscle  bundles.  It  contains  less 
lat  and  more  proteid  than  other  animal  foods  weight  for  weight  It  is 
also  richer  in  flavour  and  contains  more  blood  juices.  The  best  prime 
beet  IS  from  an  ox  about  four  years  old. 

As  beef  is  frequently  affected  with  "  measles  "*  it  should  always  be 
thoroughly  cooked  before  being  eaten.    I'lie  writer  once  served  in  a 


  Fia.  32.— Bladder-worm  in  beef. 

occur  h?  U,e  m!Sef  o'^f  It 'dTsfa^ed '  nT '  T^'''^-  ''''^\'  '  '^^'^^^^^^^^^^ms 
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large  military  station  in  Northern  India  where  nearly  70  per  cent,  of 
the  cattle  slaughtered  for  European  troops  was  "  measly." 

In  veal  as  used  by  Europeans,  the  flesh  is  white,  as  the  animal  is 
completely  bled  ;  this  bleeding  renders  the  flesh  dry  and  juiceless  and 
wanting  in  nutritive  value.  It  is  digestible  and  much  appreciated  as 
an  article  of  diet  by  Euiopeans. 

Fat  oxen  have  about  33  per  cent,  of  fat,  and  fat  calves  about  16 
per  cent. 

Live  oxen  should  not  be  under  two  nor  over  five  years  old ;  heifers 
and  cows  should  not  be  under  two  nor  more  than  four  years  old.  The 
most  suitable  animals  for  food  of  troops  are  those  that  are  moderately  fat. 
Very  fat  meat  loses  much  of  its  weight  in  cooking. 

About  1 5  per  cent,  of  butcher's  meat  is  made  up  of  bone,  gristle  and 
other  parts  that  are  not  eatable. 

The  nutritive  value  of  meat  varies  with  the  age  of  the  animal,  its 
state  of  health  and  the  amount  of  fat  in  it.  Prime  meat  has  more 
proteids  and  less  connective  tissue  than  animals  that  are  too  old,  too 
young,  or  diseased. 

Mutton.— If  mutton  is  good  it  is  easy  of  digestion.  It  is  very 
nutritive,  but  has  less  flavour,  and  is  less  stimulating  than  beef.  It  is 
best  when  the  sheep  is  aboul  three  years  old.  The  average  amount  of  bone 
jn  mutton  is  25  per  cent,  of  the  carcase.  The  fat  is  less  than  15  per 
cent.,  but  in  very  fat  sheep  it  may  be  as  much  as  50  per  cent. 

Mutton  is  less  red,  and  the  fat  whiter  and  more  solid,  than  that  of 
the  ox.  The  feet  ("  trotters  ")  should  remain  attached  to  the  carcase 
to  enable  us  to  recognise  at  once  that  it  is  not  goat's  fleth.  The  best 
parts  of  mutton  are  the  legs  and  shoulders  ;  wether  mutton  is  greatly 
prized. 

Lamh  is  more  watery  and  less  nutritive  than  mutton.  It  is,  how- 
ever, a  delicacy  that  is  much  prized  for  the  table.  Fat  lambs  have 
about  33  per  cent,  of  fat. 

Goat's  flesh.— This  has  a  peculiar  goaty  odour  ;  it  is  darker,  has 
a  smaller  proportion  of  fat,  and  is  less  nutritive  than  mutton.  The 
shanks  of  the  fore  and  hind  legs  are  very  thin,  the  ribs  white,  outer  coat 
of  thecarcf^sedeepred,  neck  very  thin  in  the  nanny-goat  and  very  thick 
in  the  he-goat. 

Bone  —The  meat  purchased  should  not  contain  an  undue  propor- 
Hnnnfbone  Bone  itself  is,  however,  nutritive  material.  Bone  con- 
ai^Iri  albuminous  principle  called  ossein,  which  is  high  y  nutri  lous 
tains  a"  ^  "  bone  is  boiled  for  some  hours  and  set  aside  it  will,  on 
^  rr"^  .  old  be  found  yini  in  a  mass  of  solid  jelly-like  material-  This 
fs1r;Si^  wTch  abstracted  fron.  the  bones  by  the 
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boiling;  about  6  pounds  of  bone  are  equal  to  1  pound  of  beef.  This 
material  is  not  abstracted  by  any  method  of  cooking  meat  except  when 
made  into  soup  or  stews. 

The  kidneys,  heart,  aud  liver,  wlien  circfiiUy  cooked  so  as  to  retain  their 
juices,  are  very  u  itritioiis.  When  once  cooUed,  they  aVe  hard,  insipid,  and  indi- 
gestible. Tripe,  which  is  the  first  pait  ol:  the  stomach  of  the  ox  is  the  most  easily 
digested  and  the  mDSt  uutritioiis  of  all  animal  food  ;  it  is  also  very  savoury. 

All  stored  meat,  cooked  or  uncooked,  should  be  kept  in  a  thoroughly 
clean  place,  and  the  access  of  animals  of  all  kinds,  flies  and  other 
insects  prevented.  This  is  best  effected  by  putting  it  into  a  dooly 
which  is  an  elongated  meat-safe,  having  perforated  metal  or  wire 
gauze  sides  all  round,  suspended  in  an  open  airy  place  out  of  the  sun, 
or  in  a  well-veutilated  larder. 

Signs  of  a  healthy  animal. — The  healthy  live  animal  looks  well 
nourished  and  not  emaciated,  walks  freely,  its  eyes  are  clear  and  bright 
and  never  dull  ;  it  breathes  freely  without  noise,  its  breath  is  not  offen- 
sive, its  mouth  and  nostrils  are  moist  and  cool  and  free  from  any  dis- 
charge ;  the  coat  is  smooth,  free  from  eruptions,  and  not  rough  and 
staring;  the  animal  should  not  be  shivering  or  apparently  in  pain;  it 
should  not  have  diarrhoea,  and  when  slaughtered,  the  organs  should  be 
normal. 

General  characters  of  healthy  flesh.  — The  flesh  of  slaughtered 
animals  should  be  elastic  and  firm,  and  neither  too  pale  a  pink  nor  too 
dark  a  red;  the  fat  should  be  solid  and  firm,  fairly  white  in  colour,  and 
present  no  sign  of  bleeding  in  it ;  the  meat  should  have  a  pleasant  fresh 
smell,  and,  if  necessary,  a  knife  may  be  plunged  into  the  fleshy  part 
and  the  blade  smelt ;  this  brings  out  even  early  tainting. 

Inspection  of  slaughtered  carcase.-In  the  case  ot  the  slaurrhlered  animal 
we  should  see  the  internal  organs  and  note  if  thev  are  healthy  or  look  coiiae^ted 
contain  visible  animal  pnrasties,  collection.,  of  pus,  etc.  If  the  internal  organs' 
have  been  removed  and  the  carcase  only  is  left,  we  should  note  the  condition' ot  the 
chest  wall,  pleura,  diaphragm  aud  lymphatic  glands.  The  loose  tissue  in  the  flanks 
under  the  shoulders  and  arms,  beneath  the  midriff,  and  about  the  kidneys,  should  be 
examined  for  co  ections  of  pus  or  dropsy.  The  flesh  should  be  examined  for  blad- 
der-^yorms,  and  the  under  surface  of  Ihe  midria  for  any  shiny  spots  which  indicate 
certain  parasites.  If  a  carcase  is  ill-bled,  bile-stained,  'has  patches  of  bloodrcolour 
has  e.^fsJecf  clark-coloured  and  look  inflamed,  some  infectious  Sase 

,„fplv  liVnl?''^^"''"'^      ^'^^^  -''^y'  24  hours  in  the  hot  weather,  this  may  be 

safely  done  by  suspending  it  in  an  ordinary  packing  case  box  with  n  Kood  flttin- 

fns/dr  "T  rm  HIW^'  -'^f  from,  Vuul  bSrning  a  few  sui;ht;r  pa3 

rnts  and  al  nP  i  o'i^"-^  ™f '  ^^""^-^"Ipln.r  2  pounds,  powdered  charcoal  14 
o.incHS,  and  saltpetre  2  ounces.  1  hese  are  mixed  with  pist  enough  gum  water  lo 
.TiSp\  n?  n*"  'I'ltl  enable  the  pastilles  to  be  made  into  a  conical  shnpe.  A  few 
^  f^Pn.!   h^''^''.^"?*'''^   °°  ^^'^  outside  the  box  make  it  air-tig  it     No w 

suspend  the  meat  place  two  or  thee  pastilles  on  the  floor  of  the  box  below  it  liX 
them,  close  the  door  securely  and  leave  well  enough  alone.  ' 


*  "  Wyvern'b  "  CuUnary  Cuiimoafor  Madras. 
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The  liver,  heart,  luugs  and  flesh  are  the  chief  structures  in  which 
animal  parasites  are  to  be  found  ;  the  head,  stomach  and  intestines  are 
the  chief  regions  in  which  specific  infectious  disease  is  shown.  Diseased 
internal  organs  and  diseased  flesh  when  condemned  should  be  destroyed 
and  not  sold  as  dog  food. 

Age  of  animals  as  affecting-  quality  of  meat. — In  general  terms 
it  may  be  said  that  the  flesh  of  young  animals,  although  tender,  is  less 
nutritive,  is  flabby  and  more  tasteless  than  that  of  older  animals.  The 
flesh  of  an  old  beast  is  hard,  tough,  and  without  much  flavour. 

Inspection  of  live  animals  and  meat. — In  cantonments,  all 
animals  intended  for  human  food  should  be  examined  before  being 
slaughtered  by  some  responsible  oflScial  who  can  diagnose  the  com- 
moner diseases  which  render  these  animals  unfit  for  food,  and  subse- 
quently the  carcases  should  be  inspected  by  this  official  who  should  con- 
demn any  diseased  flesh  met  with.  The  butchers  should  not  l)e  allowed 
to  make  away  with  the  internal  organs  before  this  inspection,  as  these 
organs  often  form  an  important  guide  as  to  the  nature  of  diseases  the 
animals  suffered  from. 

Animals  may  be  killed  when  suffering  from  acute  infectious  or 
inflammatory  diseases  when  the  flesh  or  internal  organs  or  both  are 
full  of  parasites.  It  is  a  safe  rule  to  condemn  all  carcases  of  animals 
that  show  that  the  animal  previously  suffered  from  acute  inflammatory 
infectious  disease,  chronic  disease,  parasitic  or  cysticercas*  disease,  and 
the  meat  should  be  destroyed. 

All  butchers  know  when  their  animals  are  ill,  and  that  it  is  wrong 
to  kill  them  for  human  food  in  this  state.  As  a  rule,  serious  disease 
can  be  recognised  in  animals ;  each  disease  has  its  own  naked  eye 
characters  when  the  carcase  is  hung  up,  though  sometimes  micros- 
copical examination  of  tlie  flesh  is  necessary  to  complete  the  diagnosis. 

Meat  decomposes  rapidly  in  the  hot  weather  and  should  be  eaten 
when  quite  fresh,  that  is,  on  the  same  day  as  the  animal  is  killed. 

Characters  of  decomposing  meat.— Meat  in  a  state  of  decompo- 
sition is  at  once  recognised  by  its  pale  colour  and  ofi'ensive  odour ; 
this  odour  is  more  pronounced  when  the  meat  is  cut  up  and  put  into 
hot  water,  and  if  lime  water  is  then  added  an  ammoniacal  and  very 
disagreeable  smell  is  given  off.  Meat  in  any  stage  of  putrefaction, 
no  matter  how  early,  is  liable  to  set  up  acute  irritation  of  the  stomach 
and  bowels,  and  other  manifestations  of  poisoning,  such  as  vomiting, 
diarrhoea,  cramps,  prostration,  pyrexia,  with  weak  and  irregular  pulse. 
Meat  in  the  early  stage  of  decomposition  is  often  more  poisonous  than 
that  in  a  much  later  stage.  On  the  other  hand,  game  birds  and  venison 
in  a  "  high  "  state  does  not  cause  poisoning.    The  Burman  appear  to 

eat  gna-pi  (rotten  fish)  with  impunity.  

*  ".Measles  "  or  bladder-worm  disease. 
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Meat  poisoning  would  seem  to  depend  not  upon  the  number  of 
bacteria  jDresent  in  the  meat,  but  upon  the  particular  species  of  bac- 
terium, and  its  products  or  ptomaines.  The  ptomaines  formed  by  these 
micro-organisms  in  animal  flesh  are  not  destroyed  by  cooking,  and 
with  these  ptomaines  there  may  also  be  bacteria  vvliich  have  not  been 
destroyed  by  cooking.  A  long  incubation  period  after  eating  the  meat 
is  usually  associated  with  bacterial  infection,  and  a  short  period  with 
ptomaine  poisoning. 

Meat  Poisoning.— Outbreaks  of  meat  poisoning  frequently  occur 
in  India,  and  most  of  them  are  due  to  infective  organisms  resembling 
those  of  the  common  colon  bacillus,  which  is  a  normal  inhabitant  of 
the  intestine.  Many  forms  of  bacilli  have  been  found  in  such  meat, 
but  thei*e  are  only  two  well-known  ones,  the  Bacillus  enteritidis  and 
Bacillus  hotulinus. 

It  is  a  mistake  to  think  that  prime  beef  or  mutton  can  in  any  part 
of  this  country  be  got  at  cheap  bazaar  rates.  The  best  meats  can  only 
be  obtained  by  careful  stall  feeding,  and  this  costs  money.  The 
ordinary  bazaar  meat  is,  as  a  rule,  simply  grass  fed,  and  in  the  hot 
weather,  this  feeding  in  scanty.  The  carcase  of  a  bazaar  sheep  does 
not  often  go  beyond  28  or  30  pounds,  consisting  largely  of  tendon  and 
bone  and  without  much  flavour. 

Pork.— Pork  is  the  least  wholesome  of  the  flesh  foods.  It  contains 
a  large  percentage  of  fat,  and  the  fibres  of  the  muscle  are  hard,  close, 
and  difficult  to  digest.  A  great  deal  depends  on  the  age  'of  the 
animal  and  on  how  it  is  fed  and  looked  after.  Fat  pigs  have  about  50 
per  cent,  of  fat. 

fl^y^^^m?^  ham.— 5aca?i  and  ham  are  made  by  curing 

the  flesh.  The  sides,  legs  and  chaps  of  the  pig  are  treated  with  a  mix- 
ture ot  salt  and  saltpetre,  and  afterwards  suspended  in  the  smoke  of 
burning  oak  (or  other  hard  wood),  or  sawdust,  for  several  days  When 
removed  from  the  smoke-room  the  pieces  are  packed  in  a  dryins-room 
and  m  about  six  weeks  are  ready  for  the  market.  Properly  cured  bacon 
IS  more  nu  ntious  than  fresh  pork,  as  it  contains  less  water,  and  the 
curing  renders  the  fat  more  digestible.  The  lean  portions  are,  however 
rendered  hard  and  dry  by  keeping  the  meat  in  the  pickle  of  salt  and 
saltpetre,  thus  abstracting  much  of  the  nutritive  juices. 

Whether  salted  or  cured,  pork  is  an  article  specially  useful  for 
healthy  people  who  work  hard  for  their  living  in  the  open  ai  It 
requires  a  fairly  strong  digestion  and  should  ^be  eschewed  by  those 
eading  a  sedentary  life,  those  who  are  weak,  and  people  who  have 
delicate  stomachs.  In  the  shape  of  ham  or  bacon,  and  in  small  quanti- 
cou;Jry.'  ^  ^'"^  ^'^''^^        ^^'^  ^'^"^^'^  °f  Europeans  in  this 

The  pork  of  the  Indian  pig  is  to  be  avoided,  unless  it  is  from 
properly  kept  and  well  reg'ufated  piggery,  under  strict  s^pervi^on 
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The  indigenous  animal  reared  in  villag'es  is  unsafe  as  food.  It  is  a 
foul  feeder  and  sometimes  suffers  from  "measles,"  which,  like  a  similar 
disease  in  cattle,  gives  rise  to  a  form  oE  tape-worm  in  man.  Salting 
or  smoking,  or  both  these  processes,  are  insufficient  to  destroy  the 
scolices*  of  bladder-worms.  It  is  only  by  heating  meat  to  a  tempera- 
ture of  170°  F.  for  some  time  that  these  are  killed.  If  the  meat  is 
found  with  these  bladder-worms,  it  should  be  destroyed. 

Neither  Hindoos  nor  i\1ahomedans  eat  the  flesh  of  the  pig,  and 
so  the  Tcenia  solium  (the  mature  tape-worms  which  man  gets  from 
"  measly  "  pork)  is  not  met  with  in  this  country  except  in  other  castes 
and  in  Europeans. 

Lard  is  prepared  from  pork  fat.  It  is  occasionally  used  in  the 
kitchens  of  Em'opeans  in  making  pies,  pastry,  etc. 

It  is  difficult  to  detect  decomposition  in  sausages  until  the  actual 
smell  of  putrefaction  appears.  One  method  of  early  detection  is  that 
of  mixing  the  saxisage  with  an  excess  of  water,  boiling  and  adding  fresh 
prepared  lime  water.  Good  sausages  give  a  faint  aramoniacal  but  not 
disagreeable  smell;  bad  sausages  give  a  very  oflfensive,  peculiar 
ammoniacal  odour. 

Eggs.  — Egg  consists  of  two  chief  parts,  the  white  or  albumen  or 
nitrogenous  part,  and  the  yellow,  or  oily  part.  It  is  from  the  nitrogen- 
ous part  that  the  young  chicken  gets  the  material  for  its  flesh,  bone, 
and  blood,  while  the  fatty  part  of  the  yolk  supplies  it  with  heat,  and 
energy  which  enables  it  at  length  to  break  the  shell,  enter  the  world, 
and  begin  an  independent  life. 

The  egg  of  an  ordinary  indigenous  fowl  weighs  anything  between 
i  to  U  ouiTces  ;  a  duck's  egg  1^  to  2  ounces,  a  turkey's  from  2^  to  4 
ounces^  and  a  goose's  egg  from  3  to  5  ounces.  Eggs  form  an  impor- 
tant part  of  the  diet  of  many  classes.  They  are  equal  to  lean  meat  in 
nutritive  value  as  regards  proteid  material,  but  contain  more  fatty  sub- 
stance. They  are  best  eaten  half-boiled  or  poached  ;  or  made  into  an 
omelette.  They  should  always  be  fresh.  Stale  eggs  are  far  from  agree- 
able, and  may  give  rise  to  indigestion,  diarrhoea,  or  other  alimentary 
trouble. 

The  shell  constitutes  10  per  cent,  of  the  weight,  the  white  00  per 
cent.,  and  the  yolk  30  per  cent.  The  white  consists  of  albumen  and 
water,  the  yolk  of  fat,  albumen  and  water.  Eggs  may  be  ^^reserDCC^  by 
e-xcludino'  air  by  means  of  a  coating  of  lard,  oil,  gum,  wax,  etc.,  or  by 
boiling  for  half  a  minute  to  coagulate  the  surface  albumen.  Eggs  are 
also  preserved  by  the  use  of  antiseptics— soaking  them  in  lime  water, 
salt  water,  or  a  solution  of  boro-glycerid. 

Good  ecrgs  sink  and  stale  ones  float  in  a  solution  consisting  of  two 
ounces  of  salt  to  a  pint  of  water.    Fresh  eggs  are  transparent  at  the 

centre,  stale  ones  at  the  top.  ^  

»  The  embryoes  of  the  tape.worm  alluded  to  ou  pp.  175,  176. 


GENERAL  HYGIENE. 


181 


Pish, — The  flesh  of  fish  contains  albumen,  fibrin,  and  gelatine,  as 
the  muscular  tissue  of  other  animals  does.  It  is  less  nutritive  than  the 
flesh  of  land  animals.  As  a  rule,  it  is  rapidly  digested,  but  contains 
less  flesh-forming  material  than  the  flesh  of  birds  and  mammals.  There 
is  a  great  variety  of  fish,  and  this  variety  gives  every  shade  of  digesti- 
bility. As  a  rule,  fresh  fish  in  the  natural  state  is  very  disgestible. 
There  is  a  certain  amount  of  mineral  matter,  especially  phosphates  in 
the  flesh  of  fish.  The  two  chief  varieties  are  those  with,  and  those  with- 
out, fat.  The  latter  are  mainly  eaten  in  India,  and  from  the  absence 
of  natural  fat  it  is  necessary  to  make  up  for  the  deficiency  by  the  addi- 
tion of  butter,  ghee,  fat,  or  oil,  during  the  cooking  process.  Fish  is 
always  best  for  food  when  fresh  ;  tough  and  dry  fish  is  indigestible. 
The  way  in  which  fish  is  cooked  greatly  influences  its  digestibility. 
The  best  mode  of  preparing  fish  is  simply  to  boil  and  use  some  butter 
as  sauce  with  it.  Fresh  fish  is  decidedly  better  than  salted,  smoked 
or  sun-dried  fish. 

In  selt^cting  fi-esh  fisli  see  that  the  gills  ave  red  and  bright;  that  the  flesh 
is  elastic,  firm  aud  unyielding —does  not  "pit"  on  pressure  with  the  finger — if 
after  such  pressure  the  flesh  remains  indented,  the  fish  is  stale.  In  decomposed 
fish  held  horizontally  the  tail  droops,  the  skin  has,  a  dull  appearance  aud  may 
show  a  play  of  colours,  the  flesh  easily  parts  from  the  bone  and  leaves  a  brown  mark, 
and  it  has  a  very  offensive  smell.  The  least  decomposition  renders  fish  unfit  for  food. 
Decomposed,  putrid,  tainted  and  stale  fish  may  cause  cholera-like  symptoms  and 
should  always  be  condemned.  Neither  fresh  fish  nor  shelled  fish  should  be  used  out 
of  season. 

It  is  always  necessary  to  be  sure  that  fish  is  fresh.  Ice-carried  fish  from  long 
distances  in  the  hot  weather  should  always  be  considered  suspicious,  the  safest  rule 
when  at  all  in  doubt  being  to  have  it  served  up  boiled  or  fried,  in  which  condition 
either  the  odour  or  the  first  taste  intimates  whether  auy  decomposition  has  set  in. 
Such  fish  should  never  be  eaten  in  the  form  of  made  dishes,  as  this  tends  to  disguise 
the  earliest  stages  of  decomposition. 

Fish  is  preserved  by  drying,  salting,  canning  and  curing.  A  great  deal  of 
salted  or  dried  fish  used  is  only  half  cured  and  is  then  eaten  in  a  state  of  decom- 
position. This  is  accountable  for  an  enormous  amount  of  disease  of  tlie  alimentary 
tract  met  with  in  India,  nnd  is  also  indirectly  responsible  for  a  vast  proportion  of  the 
cases  of  dysentery  and  infective  diarrhosa  met  with.  Putrefying  fish  of  thi.s  des- 
cription sometimes  causes  death.  Fi.sh  when  theroughly  salted,  or  properly  cured, 
and  completelj'  cooked  is  not  an  unwholesome  article  of  diet.  Nevertheless'dried  or 
salted  fish  should  be  avoided  by  all  who  can  ailord  to  ude  fresh  fish. 

Crustaceans. — Skrivips  (chingari)  and  pratons  require  careful 
selection ;  the  smallest  degree  of  decomposition  in  them  may  create  the 
most  acute  intestinal  irritation  and  diarrhoea  stimulating  cholera  in 
its  symptoms.  For  some  unknown  reason  fresh  and  properly  cooked 
prawns  sometimes  give  rise  to  considerable  irritation  of  the  stomach 
and  bowels. 

Oysters. —  Oysters  obtained  from  sea-coast  towns  when  not  abso- 
lutely fresh  may  cause  serious  .symptoms.  Fish  and  oysters  have  both 
been  accused  of  causing  cholera  at  times  in  India  ;  comma  bacilli  have 
been  found  in  the  intestinal  canal  of  fish  by  Professor  J.  W.  Simpson  in 
this  country.  It  is  also  considered  that  oysters  may,  in  India,  as  in 
Europe,  be  responsible  for  some  oases  of  typhoid  fever. 
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C, — Milk  and  its  products. 

Each  of  the  bodies  entering  into  the  composition  of  milk  is  so 
combined  as  to  form,  collectively,  the  most  suitable  food  for  infants. 
But  milk  alone  is  not  adapted  to  the  requirements  of  the  healthy  adult. 
To  get  enough  solid  nourishment  from  milU,  an  adult  in  moderate 
exercise  would  be  obliged  to  drink  six  or  eight  pints  a  day.  He  would 
then  be  taking  too  much  water,  and  an  excess  of  some,  and  a  deficiency 
of  other,  food-stuffs. 

The  bodies  entering  into  the  composition  of  milk  are — Casein  or 
curd  (which,  when  acted  on  by  rennet  or  some  acid,  forms  the  chief 
part  of  all  kinds  of  cheese) ;  Cream  (from  which  butter  and  ghee  are 
prepared);  Sugat  of  miUc  or  lactose  {which  gives  the  sweet  taste  to  milk); 
Mineral  Salts,  and  Water.  We  see  that  each  class  of  food  is  here  repre- 
sented ;  they  are  in  such  proportion  as  to  perfectly  nourish  the  quickly- 
growing  infant,  the  large  amount  of  water  helping  the  rapid  chemical 
and  constructive  changes  going  on  in  its  body. 

Cow's  milk. — The  nature  of  milk  depends  largely  upon  the  animal 
from  which  it  is  drawn.  Coiv's  milk  is  one  of  the  most  important  agents 
as  an  article  of  diet  for  the  people  of  India.  Cow's  milk  contains  more 
casein  and  fat  than  human  milk,  but  less  sugar ;  therefore,  when  a 
mother  is  obliged  to  give  cow's  milk  to  the  newly-born  infant,  she 
should  mix  it  with  a  little  more  than  half  its  quantity  of  water 
and  add  a  little  sugar,  gradually  decreasing  the  quantity  of  water  added. 
Buffalo  milk  usually  contains  from  7  to  9  per  cent,  of  fat.  Goat's 
milk  is  richer  in  cream  and  poorer  in  casein  than  cow's  milk,  but 
does  not  contain  so  much  sugar.  Some  people  digest  it  better  than 
they  can  cow's  milk.  Goats  are  not  clean  fesders,  and  if  goat's  milk 
is  used  the  feeding  should  be  seen  to. 

The  average  percentage  composition  of  Indian  cow  and  buffalo 
milk,  deduced  from  a  series  of  analyses,  is  as  follows  :— 

Coiv.  Buffalo. 

Proteids  (Casein,  etc.)            ...              •-■    4-00  -i-Gg 

Fat  (Butter)                         ...              ...    3-90  8-38 

Lactose  (Sugar  of  milk)          ...              ••■    4  02  5-12 

Salts                                   ...                    0-73  0-75 

Water                                 ...                  86-20  81  31 

Specific  gravity                      ...                1030-00  1033  30 

These  are  average  percentages.  It  is  well-known  that  they  vary 
within  fairly  wide  limits  when  the  analyses  are  made  at  different 
seasons,  the  milk  being  of  much  better  quality  in  the  cold  weather. 

Casein  or  curd  is  separated  from  milk  in  various  ways,  but  chiefly 
by  the  addition  of  some  ferment  or  acid.    Rennet  *  is  largely  used  in 

«  Eennet  is  au  ucid  fluid  got  from  the  inner  coat  of  the  fourth  stomach  of  the 
.  calf    In  using  it  with  milk  the  coagulated  curd  sinks  to  the  hottom  and  carries  dowp 
With  it  more  or  less  of  the  cream  and  mineral.salts  of  milk. 
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cheese-making  countries,  a  small  quantity  of  it  being  enough  to  make 
a  large  amount  of  cheese.  Milk  coagulates  in  all  stomachs,  but  it  is 
digested,  and  the  curd  tlius  formed  is  soft  and  loose,  unless  there  is 
some  disorder  of  the  stomach  that  creates  very  acid  gastric  juice,  in 
which  case  the  curd  forms  large,  indigestible  lumps.  Cheese  is  mainly 
composed  of  curd,  entangling  a  certain  amount  of  the  milk  fat,  but  it 
always  contains  some  of  the  other  constituents  of  milk.  In  proportion 
to  the  quantity  of  cream,  is  the  quality  of  the  cheese. 

The  sweet  taste  of  milk  is  due  to  the  lactose  which  it  contains. 
Lactose  has  a  great  tendency  to  change  into  lactic  acid,  which  makes 
the  milk  sour,  and  it  is  this  change  which  usually  causes  spontaneous 
natural  coagulation  or  curdling  of  milk. 

The  mineral  matters  contained  in  milk  supply  salts  to  the  blood 
and  help  to  build  bone,  etc. 

Water  forms  the  bulk  of  milk.  It  serves  as  a  medium  in  which 
all  the  other  constituents  of  milk  are  suspended  or  dissolved.  When 
milk  is  coagulated  by  an  acid,  by  rennet,  by  natural  fermentation, 
or  decomposition  the  ivhey  is  left,  This  consists  chiefly  of  water  with 
the  sugar  of  milk,  which  is  very  fermentable,  dissolved  in  it. 

As  milk  is  so  important  an  article  of  diet  in  India,  we  should  be 
prepared  to  form  an  idea  as  to  the  quality  of  any  specimen.  The 
quality  of  milk  is  influenced  by  the  nature  of  the  food  and  the  condi- 
tion of  the  health  of  the  animal  yielding  it ;  if  both  these  are  good 
the  milk  should  be  wholesome. 

Characters  of  good  milk — In  estimating  the  quality  of  any  parti- 
cular specimen  of  milk,  we  have  chiefly  to  rely  on  the  appearance  and 
the  taste  of  the  miUc  together  with  the  amount  of  cream-.  Good  milk 
IS  quite  opaque,  with  a  whitish  or  yellowish  white  colour ;  it  is  free 
from  any  peculiar  smell  or  taste,  and  without  any  deposit.  It  should 
contain  not  less  than  8  per  cent,  of  it?  volume  of  cream,  it  should  not 

than  \o26-1028'  ^""^  '^^^  ^'""^^^^  '^'"''^'^  ""^^ 

The  ordinary  purchasers  of  milk  can  estimate  the  amount  of  cream 
and  the  specific  gravity,  and  from  these  form  a  good  idea  as  to  the 
quauty  or  the  milk. 

Goivallahs  ^(Lo^t  various  means  of  adulterating  milk,  the  chief 
of  which  are  the  removal  of  part  of  the  cream  aSd  the  addition  of 
wa  er.  To  detect  these  two  forms  of  sophistication  an  instrument 
called  a  Lactometer  is  issued  in  association  with  an  estimate  of  the 
percentage  of  cream. 
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stem  and  the  0  near  the  top.  This  instrument  in  pure  water  sinks  to  0,  in  pure 
milk  tlie  stem  would  standout  above  the  ru|uid  with  the  100  in  a  line  with  the 
surface  of  the  milk.  If  the  stem  sinks  to  the  mark  80  it  would  indicate  that  in  100 
parts  ttiere  are  80  parts  of  pure  milk  and  20  parts  of  water ;  if  it  sinks  to  50  it  is  half 
milk  and  half  water,  and  so  on.  Sometimes  the  stem  is  marked  with  only  the 
figures  1,  2,  3,  4,  the  4  being  at  the  top  and  the  1  near  the  bottom;  the  figured 
indicating  that  1  part  of  water  is  added  to  3  of  milk,  2  showing  that  it  is  half 
milk  and  half  water.  We  may  also  roughly  estimate  the  quality  of  a  saniple  of 
milk  by  means  of  any  ordinary  specific  gravity  -  bulb,  the  steni  of  "which  is 
graduated.  The  specific  gravity  of  cow's  9?i?7Z;  in  this  country  varies  from  1027  to 
1032,  the  average  being  1029  ;  of  buffalo's  milk  1030  to  1035,  the  average  being  1033. 
The  higher  averages  are  m^t  with'in  the  cold  weather,  and  the  lower  during  the 
hot  weather.  In  the  hot  and  dry  season  of  the  year,  when  all  grass  has  dried  up 
and  fodder  is  expensive,  the  specific  gravity  of  cow's  milk  may  sink  to  1027 
without  any  adulteration  with  water,  but  pure  buffalo  milk  rarely  goes  below 
1030.    Any  milk  with  a  specific  gravity  below  1027  has  certainly  been  diluted. 

Estimation  of  the  percentage  of  cream.— When  milk  is  allowed  to  stand  the 
fatty  part  rises  to  the  surface  in  a  thick  layer;  this  layer  is  the  cream,  io 
estimate  the  proportion  present  we  put  some  of  the  fresh  milk  into  a  long  glass, 
preferably  a  narrow  one  that  is  graduated  from  0  to  100.  Any  elongated  glas.s  ot 
uniform  "diameter  will  answer  the  purpose  if  we  paste  a  strip  of  paper  marked 
with  100  lines  equidistant  from  each  other  on  to  the  outer  surface  of  the  glass 
corresponding  with  its  containing  part.  We  allow  the  milk  to  stund  for  li  hours 
in  a  cupboard  away  from  currents  of  air.  At  the  end  of  this  time  the  cream  will 
rest  on  the  milk  ;  thi  line  of  iuuction  is  easily  seen  and  the  percentage  can  be  at 
once  read  off. 

The  proportion  of  cream  in  ordinary  coiu's  milk  varies  from  7  to  12  per  cent, 
the  average  being  8  5  per  cent,  ;  the  percentage  in  6i*#ato  »u//c  varies  from  ^o^^^^ 
or  even  18  per  cent.,  the  average  being  ir5.  In  the  hot  weather  the  milk  of  the 
Zl'Zy  VZaiah  may  contafn  as  little  as  G'S  per  cent,  of  cream  wf  out  creaming 
or  watering.  The  percentage  of  cream  in  cow's  milk  should  not  be  below  bo  in 
the  hot  weather  and  8-5  in  the  cold  weather. 

If  milk  is  deprived  of  its  cream,  it  becomes  specifically  heavier,  because  the 
fnt  of  Tl  e  m  Ik  is  lighter  than  water  ;  when  water  is  added  without  removing  the 
cream  tt  muf  becomes  specifically  lighter.    If,  ,l^o-evel^  the  cream  -  -moved 

watering  alone  '-letected  by  the  low^^^^  SlnV/t^e^^eig^tetd 
decrease  in  the  proportion  of  cream,    ^'f  W,.^"^  When  both  water- 

specific  gravity  of  the  m'lk  and  a  '-J^lll^^l^^^^^^^^^^  but  the  specific 

'g^it?  ^I^^^S^^^SST:!.:.  is  added  when  the  specific  gravity 

The^bazaar  gowallah       dirty  in  himself  his         and  bufia^^^^^^^ 
^rP  dirtv   their  byres  are  mostly  unspeakably  dirty,  and  their  looci  is 
ten  g  ?bage  andltable  litter,   'in  the  hot  weather  whe^^h^-pp^^^^^^^ 
fodder  is  scanty  the  bazaar  cow  will  eat  any  refuse,  and  m  this  lespect 
s  no  more  fastidious  at  this  season  than  the  bazaar  pig . 

The  water  used  for  adulterating  the  milk  is  often  contaminated^ 

tZ.:it  M  S  ImI  relates  anUanc^^ 

comparJdiit?  sf  e  ^^^-^^"ZS^^^^r^^^^^  ""'^ 
for  tliH  purpose  of  comparing  liquids  oi  uiueic  i 

specific  gravity  of  1000. 
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when  about  to  draw  milk  always  brought  a  bowl  of  clean  water,  by  way 
of  pandering  to  the  Sahiiys  fad  for  cleanliness,  with  which  he  ostenta- 
tiously washed  the  udders  of  the  cows  and  while  milking,  on  the 
pretext  that  a  cool  hand  was  neuessary  for  the  process,  he  occasionally 
dipped  his  really  well-washed  hand  into  the  bowl.  Hiddeu  in  the  palm, 
however,  was  a  piece  of  sponge,  which  was  squeezed  against  the  udder 
in  the  action  of  milking,  so  that  its  contents  mingled  with  the  milk  as 
it  jetted  into  the  can,  and  by  frequently  repeating  the  cooling  process, 
he  was  able  to  dilute  the  milk  to  a  very  profitable  extent.* 

The  use  of  the  un sterilised  milk  from  the  bazaar  gowallah  can  sel- 
dom be  free  from  danger  if  we  consider  the  feeding,  the  foul  atmosphere 
and  surroundings  generally  in  which  the  cows  and  buffaloes  live,  the 
pollution  with  impure  water  before  leaving  the  cow-shed,  and  other  pos- 
sible sources  of  contamination  after  leaving  him  and  before  it  reaches 
the  consumer. 

Personally  one  has  never  seen  a  dairy  under  entire  native  supervi- 
sion in  which  there  were  not  many  loopholes  for  the  entrance  of  disease- 
germs  into  the  milk  supplied.  This  one  states  after  being  ten  years  a 
Health  Officer  in  a  large  Municipality  where  one  had  to  constantly 
watch  the  milk-supply. 

There  is  an  unreasonable  prejudice  entertained  by  many  Europeans  against 
the  use  of  buffalo  milk  and  butter,  although  it  is  twice  as  rich  in  butter  as  the 
milk  of  the  ordinary  humped  cow  of  thia  country.  There  are  few  really  good 
dairies  that  can  conduct  their  business  with  a  profit  without  the  use  of  buffalo 
milk.  The  usual  objection  to  buffalo  butter  is  its  white  colour,  but  dairies  overcome 
this  by  the  use  of  many  perfectly  innocent  colouriag  matters.  Most  of  the 
indigenous  tinned  butter  in  the  Indian  market  isobtaiued  from  buffalo  milk. 

A  pure  milk  supply,  that  is,  a  supply  of  clean  and  unadulterated 
milk,  requires  that  the  milk  be  drawn  from  healthy  cows  (in  the  best 
dairies  the  cows  are  free  from  tuberculosis  as  shown  by  the  tuberculin 
test  t),  living  under  healthy  conditions,  the  milk  is  drawn  by  clean 
hands  from  clean  udders  into  clean  utensils,  and  protected  from  all 
forms  of  contamination  and  infection  ;  it  is  kept  cool  by  refrigeration 
and  is  never  exposed  to  dust  or  any  form  of  contamination  from  the 
time  it  leaves  the  cow  until  it  reaches  the  consumer.  Refrigeration  is 
a  special  requirement  in  Indian  dairies,  as  it  has  the  effect  of  prevent- 
ing changes  in  the  milk,  which  it  does  to  a  large  extent  by  devitalising 
bacteria  that  cause  milk  to  ferment  in  various  ways.  The  milk  should 
be  at  once  placed  in  the  refrigerator.  This,  however,  does  not  neces- 
sarily kill  disease-germs  in  milk.  The  refrigerator  should  never  be  in 
the  cow-shed.  In  most  bazaar  dairies  the  cows  are  not  regularly  cleaned, 
the  foul  atmosphere  and  surroundings  generally  in  which  the  cows 

*  Climate  and  Health  in  Warm  Countries,  p.  51.  ' 

t  Inoculation  of  milch  cows  suffering  from  tuberculosis  with  tuberpiilin  ( 
vaccine  prepared  from  dead  cultures  of  the  tubercle  bacillus)  causes  a  general  \\a\^;L 
up  of  the  symptoms  including  high  fever,  which  render  the  disease  obvious.  ^ 
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and  buffaloes  live,  the  adulterations  of  the  milk  with  impure  water 
before  leaving  the  cow-shed,  and  other  possible  sources  of  contamina- 
tion after  leaving  the  cow-shed  and  before  it  reaches  the  consumer  ; 
the  hands  of  the  milker  are  usually  unclean,  and  the  animals  are  poorly 
fed.  The  utensils  are  usually  scoured  out  with  earth  and  straw  and 
finally  washed  with  dirty  water. 

Milk  to  be  wholesome  must  be  got  from  healthy  cows,  which  in 
grazing  time  should  be  permitted  to  roam  in  the  open  fields,  if  such- 
are  available,  and  in  the  non-grazing  season,  they  should  be  fed  on 
wholesome  dried  grass  and  allowed  to  exercise.  Gowallahs  in  India 
frequently  keep  their  cows  and  buffaloes  confined  day  and  night  in 
yards  that  are  in  a  highly  repulsive  state,  the  animals  unkempt  and 
unwashed,  fed  on  the  poorest  food,  often  on  stable  litter,  without  freshi, 
air  and  exercise.  The  milk  under  these  circumstances  must  necessarily' 
be  more  or  less  unwholesome.  One  has  as  Health  Officer  repeatedly  been 
obliged  to  bring  gowallahs  before  magistrates  and  have  them  punished 
for  feeding  milch  cows  on  stable  litter. 

P'resh  milk  should  never  be  put  into  dirty  utensils  ;  they  rapidly 
turn  it  sour.  We  know  from  experience  that  the  feeding  of  infants 
and  young  children  out  of  dirty  bottles,  cups,  and  saucers,  is  a  frequent 
cause  of  diarrhoea,  indigestion  and  inflammation  of  the  stomach  and 
small  intestines.  The  same  to  a  less  extent  may  happen  in  adults  using 
such  milk.  Milk  rapidly  turns  sour  in  the  hot  weather  ;  insanitary 
surroundings  and  bad  smells  accentuate  this.  This  may  for  a  short 
time  be  prevented  by  the  addition  of  five  grains  of  bicarbonate  of  soda 
to  the  pint,  and  by  boiling. 

Milk  forms  one  of  the  most  excellent  nutrient  media  for  disease- 
germs.  Hence  it  is  the  easiest  article  of  food  to  infect,  and  such  infection 
may  arise  in  a  score  of  ways. 

Sterilisation  of  milk  is  effected  by  the  use  of  heat  at  or  above 
boiling  point,  or  boiling  under  pressure.  This  is  done  at  one  heating 
to  a  temperature  of  from  212—250°  F.  lasting  an  hour  or  so,  or  it  is 
heated  to  a  lower  temperature  at  regular  intervals  for  several  occasions. 
Roth  processes  kill  all  germs  in  the  milk,  but  they  also  alter  its  chemi- 
cal composition  to  some  extent.  Special  forms  of  milk  sterihsers  are 
obtainable  at  comparatively  small  cost. 

-  Pasteurisation  of  milk.- Milk  may  be  freed  from  all  harmful 
germs  at  a  lower  temperature  than  that  used  in  sterihsation,  and  this 
is  done  by  pasteurising  it  The  temperature  usually  reached  by 
the  milk  in  pasteurisation  is  158^  F.,  which  is  kept  up  for  ten 
minutes  This  temperature  kills  all  specific  disease-germs,  without 
altering"  the  milk,  and  also  the  lactic  acid  bacillus  which  is  the  one 
ordinarily  concerned  in  turning  milk  sour.  This  does  not  necessarily 
kill  all  germs  in  the  milk,  but  it  certainly  kills  all  harmful  ones.. 
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Pasteurization  of  milk  is  adopted  in  a  few  dairies  in  this  country. 
Special  apparatus  for  this  purpose,  exceedingly  simple  to  use  eitlier  on 
a  small  or  a  large  scale,  are  now  purchasable. 

Diseases  caused  by  contaminated  milk.—Cholera,  typhoid  fever, 
and  dysentery,  may  be  produced  by  specifically  contamiuated  milk. 
All  three  diseases  in  such  cases  arise  from  either  dilution  with  speci- 
fically polluted  water,  the  use  of  unclean  utensils,  or  exposure  of 
the  milk  to  the  germs  of  these  diseases.  Milk  has  the  power  of  attracting 
disease-germs,  and  once  they  gain  access  to  it,  they  multiply  rapidly. 
Specific  infective  germs  may  reach  milk  through  flies. 

In  this  country  the  chief  disease  communicated  from  milk  direct 
from  the  cow  is  tuberculosis,  especially  when  the  udders  are  tubercul- 
ous. Tuberculosis  may  be  produced  in  children  fed  on  the  milk  of 
tuberculous  cows  Oowallahs  suffering  from  tuberculosis,  and  expec- 
torating on  the  ground  in  the  dairy,  is  another  source  of  milk  contami- 
nation with  the  tubercle  bacillus. 

Milk  epidemics. —Epidemic  disease  due  to  specific  contamination 
of  milk  is  shown  by  its  suddenness,  a  number  of  people  who  have  used 
the  milk  from  a  particular  dairy  or  gowaLlah  suffering  at  the  same 
time — often  two  or  more  in  the  same  barrack  or  household  are  attacked 
simultaneously  ;  and  the  barracks  or  houses  taking  more  milk  have  more 
cases  Milk-borne  epidemics  are  as  a  rule  mild,  but  they  may  form  the 
starting  point  of  severe  epidemics  in  others  who  do  not  use  the  infected 
milk.  The  period  of  incubation  of  infective  epidemic  disease  arising  ^ 
from  milk  is  said  to  be  shorter  than  the  same  diseases  arising  from, 
infected  water. 

3Ialta  fever  *  has  been  definitely  proved  to  be  due  to  the  use  of  the 
milk  of  goats  who  are  infected  with  a  specific  form  of  micrococcus  which  • 
is  contained  in  the  blood,  internal  organs,  and  in  the  milk.    A  special 
commission  that  investigated  the  disease  in  Malta  ascertained  that  50 
per  cent,  of  the  goats  of  that  Island  were  infected  with  the  disease,  and- 
that  the  milk  of  10  por  cent,  contained  the  specific  germ  of  the  disease. 
It  was  also  proved  that  monkeys  and  goats  could  be  readily  infected 
by  feeding  them  on  milk  containing  the  specific  micrococcus.  Certain 
investigations  carried  out  in  India,  especially  in  the  Punjab,  have " 
shown  that  goat's  milk  was  responsible  for  outbreaks  of  the  disease  in" 
this  country.    The  disease  may  be  prevented  with  absolute  certainty' 
by  the  exclusion  of  goat's  milk  from  any  part  of  the  food. 

Milk  is  sometimes  found  to  acquire  dangerous  qualities  when  kept ' 
and  may  then  give  rise  to  nausea,  vomiting,  dryness  and  constriction 
of  the  throat,  burning  sensation  of  the  gullet,  diarrhoea,  cramps  in  the 
abdomen  and  legs,  and    collapse.    This  is  due  to  a  special  chemical 
poison  of  non-bacterial  origin  called  lacto-toxin  or  tyro-toxicon. 


*  Sob  article  Malta  Fever,  Vkm  IV. 
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Casein  or  curd  of  milk  — This  is  the  chief  albuminous  or  nitro- 
genous body  contained  in  milk,  and  is  that  part  from  which  cheese  is 
made.  The  albuminous  part  of  fresh  milk  is  not  coagulated  into  a 
mass  by  boiling  as  the  white  of  an  egg  is,  this  is  owing  to  the  greater 
quantity  of  water  with  which  it  is  coralDined. 

Cheese. —  Whole  milk  cheese  is  made  from  rich  new  milk.  It  has 
in  it  both  the  casein  and  the  cream.  Chedder,  Cheshire,  Gloucester 
and  Gorgonzola  cheese  are  of  this  kind.  These  belong  to  the  best 
class  of  cheeses.  Stilton  is  made  from  entire  milk  to  which  further 
cream  is  added.  Sometimes  cheese  is  made  from  milk  that  has  been 
deprived  of  its  cream  ;  the  milk  remaining  is  called  skimmed  milk 
and  the  cheese  is  called  skim  milk  cheese.  Dutch  and  Suffolk  cheeses 
are  of  this  class.  Cream  cheese  is  prepared  from  curds  of  the  richest  new 
milk  to  which  additional  cream  is  added. 

A  good  cheese  when  kept  under  suitable  conditions  of  temperature 
"ripens."  In  this  process  oxygen  is  absorbed  and  carbonic  acid 
gas  and  ammonia  are  given  off.  The  casein  or  curd  undergoes  a  fatty 
change.  This  change  is  due  to  bacteria  and  their  products,  and  many 
varietes  of  cheese  are  now  made  by  artificially  adding  special  bacilli 
which  bring  about  these  changes. 

Cheese  is  a  very  nutritious  article  of  diet.  It  is  more  nutritious 
than  beef,  as  it  possesses  three  times  as  much  heat-forming  material. 
In  small  quantities  it  assists  the  digestion  of  other  foods.  The 
rich  old  cheese  prized  by  the  gourmet,  and  thought  to  help  the  digestion 
of  a  rich  dinner,  is  got  rid  of  by  the  stomach  with  difficulty.  Cheese, 
a  few  month's  old,  is  more  nutritious  and  digestible. 

lyre  — Tyre  is  milk  boiled  until  much  of  the  water  is  evaporated, 
then  coagulate'd  by  the  addition  of  some  acid  which  solidifies  the 
casein.  It  is  a  very  popular  accessory  article  of  diet  with  all  classes 
of  natives  in  India, 

Cream.— When  milk  is  permitted  to  cool  and  stand  in  a  vessel 
for  some  hours,  it  separates  into  two  parts,  the  cream,  which  is  the 
lighter,  rises  to  the  surface,  and  the  liquid  part  of  the  milk  remains 
below.  When  milk  is  heated  the  cream  rises  to  the  surface  more 
rapidly.  By  skiiiimin,^  the  cream  from  time  to  time,  a  very  large 
amount  of  it  may  be  thus  removed  ;  such  skimming  materially  lessens 
the  nutritive  value  of  milk. 

When  milk  separates  into  its  constituent  parts,  the  fat  first  rises 
to  the  top,  the  casein  goes  to  the  bottom,  leaving  a  clear  fluid  (ivhey) 
between  the  two. 

Cream  represents  the  fatty  elements  in  milk.  It  consists  chiefly 
of  the  fatty  matter  which  forms  butter  ;  it  also  contains  a  small  quantity 
of  casein,  each  globule  of  fat  being  surrounded  by  an  envelope  ot 
casein.  Cream  is  more  easily  digested  than  butter. 
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Ice-cream. — A  number  of  epidemics  of  typlioid  fever,  and  of  fievere 
diarrha3a  liave  been  traced  to  the  use  of  ice-cream.  The  ice-cream  may 
be  infected  by  storage  in  infected  premises.  Ice-cream  should  be  made 
on  clean  premises,  never  be  kept  in  inhabited  rooms,  contamination  should 
be  rigidly  prevented,  and  all  ice-cream  sellers  should  have  their  names 
on  the  ice-cream  pails,  or  on  some  conspicuous  part  of  the  hand-cart  they 
hawk  the  ice-cream  about  on. 

Butter. — Butter  exists  in  milk  in  the  form  of  minute  fat  globules. 
Average  butter  has  the  following  percentage  composition  : — Fat  82 
to  86  per  cent.,  casein  4  per  cent.,  salts  0-5  per  cent.,  water  S  o  to 
13-5  per  cent. 

Butter  on  a  small  scale  for  messes  or  privjite  families  may  easily  be  made  by 
allowing  the  milk  to  stand  in  bowls  covered  with  muslin,  removing  the  cream, 
and  afterwards  shaking  it  in  a  wide-mouthed  bottle,  or  whipping  it  up  with 
a  fork.  Butter  may  also  be  abstracted  rapidly  from  milk  by  using  any  one  of  the 
many  household  butter  churns  ou  the  market  which  are  clean,  cheap,  and  of  varying 
sizes  so  as  to  remove  the  butter  from  any  quantity  of  milk  from  1  to  16  pints.  The 
processes  named  have  the  advantage  that  the  butter  got  from  bazaar  milk  in  this  way 
may  be  safely  used  if  the  milk  is  boiled  first. 

Ghee.— When  butter  is  boiled  and  the  fat  which  rises  to  the  sur- 
face IS  decanted  and  called  ghee.  It  is  usually  made  by  heating  butter 
until  a  clear  residue  is  left.  The  butter  loses  weight  in  this  pro- 
cess;  good  ghee  is  more  expensive  than  butter.  Indeed,  we  might 
say  that  a  large  amount  of  material  is  sold  in  the  bazaar  which  is  not 
pure  ghee.  Pure  ghee  consists  of  almost  entirely  of  fat  It  is  free 
from  any  bad  smell,  and  keeps  well  ;  it  is  easy  of  digestion,  and  is  a 
very  valuable  addition  to  many  kinds  of  food.  Good  ghee  remains  sound 
and  free  from  rancidity  for  fully  six  months,  but  inferior  ghee,  especially 
It  adulterated  with  water,  soon  becomes  rancid.  Ordinary  butter 
contains  about  84  per  cent,  of  fat  :  ghee  if  pure  contains  100  per  cent, 
ot  tat.  ihe  ghee  used  for  cooking  Indian  bazaar  confectionery  is  often 
adulterated  with  cheaper  oils. 

D.— Vegetable  Nitrogenous  (Proteid  or  Albuminous)  Food. 
The  food-stuflFs  included  under  this  class  are  those  which  contain 
nitrogenous  matter  in  the  form  of  legiLmen  or  vegetable  casein,  which 

L  T^^^'^r^'l^^  '""'^^  '^''"^  '^'''^^^  salts.    As   examples  we 

have  the  diflferent  varieties  of  legumenous  foods  in  India.    We  have 

conT.T'  T'"^"  P^^«'  beans  and  gram  ;  they 

Si       %  fger  quantity   of  nitrogenous   or  Besh-forming  matter 

materi^l^f  .  "^^^^^^  flesh-forming 

material  renders  them  very  valuable  as  foods  in  combination  with 

^rLl     .  ^^'}  Another  special  form    of  vegetable 

pro  eid  material  called  gluten  which  is  contained  in  some  cereals,  is 
ueaic  witn  later  on. 

neoni?  nf^"!^""'"  important  and  valuable  part  of  the  food  af  the 

(proteidi  w^^^^^  In  consequence  of  the  large  proportion  of  nitrogenous 
(proteid)  matter  they  contain,  they  are  most  useful  in  teinedying  the 
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deficiency  of  this  proximate  principle  in  the  cereals  used.  They  are 
largely  used  as  staple  articles  of  food,  and  are  very  nutritious.  They  are 
eaten  with  either  rice  or  chappnties,  being  usually  cooked  into  a  kind 
of  porridge  or  with  vegetables. 

Amongst  the  pulses  or  dai  of  India  the  chief  are— Peo  dai.  un'/mr 
dal,  moong  dai,  gram,  chena  or  chicken  pea,  horse  gram  or  kulti,  fried 
pea  or  desi  matar,  European  pea  or  belay ati  mntar,  Indian  bean,  popal 
or  shor,  soy  bean,  hhat  or  guri  kaldi,  kesari  dal  or  teura,  lentil  or 
mussoor  dal,  onothi  or  hhringi. 

Of  these  the  chief  ones  used  are— wihur,  moong,  oornd,  mussoor, 
matar  and  chena.  Oorud  is  the  most  usually  employed  ;  but  moong  is 
also  a  favourite  and  when  properly  cooked  is  a  wholesome  article  of  diet. 

Kasari  dal,  which  is  cheap,  may  sometimes  give  rise  to  serious 
symptoms,  including  paralysis  of  the  lower  limbs,  causing  a  disease 
called  lathy rism. 

"The  i^ulses  are  prepared  for  food  in  various  ways:— (1)  The 
grain  is  soaked  in  water  for  several  hours  until  it  swells,  or  even 
without  soaking  it  is  husked  and  boiled  with  condiments  and  eaten 
generally  as  a  curry  along  with  the  staple  food ;  (2)  it  is  ground, 
mixed  with  condiment  and  made  into  cakes  or  small  balls,  which 
are  often  fried  in  oil  or  gf/iee,  and  also  eaten  with  staple  food;(.S)it 
is  parched  in  the  same  way  as  rice  and  other  grains,  and  then 
often  used  as  food  by  labourers  and  travellers."  (McNally.)  BaLs  are 
somewhat  difficult  to  cook  and  require  to  be  steeped,  boiled,  or 
steamed  for  some  hours  before  they  are  fit  to  be  eaten,  it  is  not  until 
the  grain,  removed  from  the  cooking-pot,  can  be  easily  crushed 
between  the  fingers,  that  they  are  sufficiently  cooked. 

The  different  dais  when  not  thoroughly  cooked  may  give  rise  to 
indigestion  and  diarrhoea;  in  the  partially  cooked  state  they  are 
passed  undigested  in  the  fsces.  Even  when  well  cooked  if  used  by 
persons  not  accustomed  to  them,  they  are  only  sparingly  digested,  and 
indigestion  or  other  intestinal  troubles  may  arise.  The  normal  amount 
of  dat  eaten  is  4  ounces  a  day,  and  5  ounces  is  about  the  maximum 
that  should  be  consumed. 

Gram.— Gram  is,  as  you  know,  largely  cultivated  in  India.  When 
voung  and  green  it  forms  a  delicate  "  vegetable."  When  mature  and 
drv  it  is  made  into  what  is  called  gram  dal,  and  can  then  be  cooked 
in  the  same  way  as  mussoor  or  tur,  although  it  requires  more  prolonged 
action  of  heat  to  completely  soften  it.  Parched  gram  is  largely  used  by 
our  Native  soldiers  on  mancBuvres  and  field  service,  and  forms  part  of 
the  emergency  ration  in  some  Native  regiments. 

Peas— Peas  when  young  and  green,  contain  a  large  amount  of 
..ater  S  ll^m^Inu^lre  Substance,  which  is  chiefly  starch  and 
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legumen.  In  the  dried  state  mature  peas  are  cooked  in  various. ways, 
but  under  any  circumstances  they  require  the  prolonged  action  of 
heat.  They  are  somewhat  difficult  of.digestion,  although  very  nutritive, 
and  tend  to  produce  flatulency.  They  should  never  be  used  by  people 
suffering  from  disease  of  the  bowels. 


Beans. — 5ea7is,  in  the  young  and  fresh  state,  as  a  food  are  much 
the  same  as  peas ;  when  ripe  they  are  nutritive,  containing  a  large 
amount  of  starch  and  nitrogenous  matter.  They  are  more  wholesome 
than  peas,  and  are  well  suited  to  correct  the  fat  of  animal  food,  hence 
they  are  frequently  served  up  with  it. 

Fresh  green  peas  and  beans  are  easier  to  digest  than  when  dried. 
If  dried  they  should  be  thoroughly  soaked  and  boiled  before  use,  other- 
wise they  are  diflScult  to  digest, 

E.— Starches  or  Farinaceous  Foods. 

Starches  or  farinaceous  foods  are  such  as  contain  a  considerable 
amount  of  storc/i.  These  are  chiefly  the  different  forms  of  cereal  and 
leguminous  grains,  and  starch  roots.  The  most  important  are  wheaten 
flour,  rice,  maize  or  Indian-corn,  potatoes,  arrowroot,  and  sago. 

The  food-grains  used  as  staple  articles  belong  to  the  natural  order 
of  grasses  and  are  called  cereal  grains.  The  staple  grain  used  by  the 
people  of  each  province  is,  as  a  rule,  that  which  is  most  largely  cultivated 
and  cheapest.  We  are  here,  however,  concerned  only  with  wheaten  flour 
and  atta,  and  rice. 

Wheat.— The  different  varieties  of  wheaten  flour  form  the  stanle 
article  of  food  of  a  large  part  of  the  people  of  India.  It  is  a  hio-hlv 
nutritive  article  of  diet,  is  easily  digested,  and  readily  prepared  either 
into  bread  or  cakes.  In  composition  it  consists  of  70  per  cent  of 
starch  11  per  cent,  of  nitrogenous  matter,  and  a  small  amount  of  salts 
and  tat  The  ease  with  which  it  may  be  converted  into  bread  is  due 
to  a  substance  called  gluten,  which  forms  the  chief  part  of  the  nitro- 
genous matter  contained  in  flour.  This  gluten  is  to  wheaten  flour  and 
to  the  flour  of  all  cereals,  what  casein  is  to  milk,  or  legumen  to  pulses 

Flour  should  be  free  from  acidity  and  from  a  mouldy  smell.  The 

change  of  starch  to  sugar.  It  should  be  free  from  lumps  of  grit.  The 
microscopical  examination  of  wheaten  flour  shows  admixture  with 
interior  Hours,  if  these  have  been  used  to  adulterate  it,  as  practically  the 
granules  of  all  cereals  have  their  own  characteristic  shape  (Figs  26-29 
P-  i  l^)  ;  ttie  microscope  also  shows  parasites  such  as  fungi  ;  the  naked 
eye  recognises  weevils  and  flour  mites.  ^  ^ 
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Bread  The  facility  with  which  ordinary  flour  and  atta  make  a 

good  dough  is  due  to  the  cohesive  properties  of  the  large  proportion  of 
gluten  which  they  contain.  In  making  bread,  the  dough  is  charged 
with  carbonic  acid  gas. 

The  carbonic  acid  gas  is  supplied  to  the  dough  in  one  of  several 
ways— by  means  of  yeast  ("  leaven  ")  or  fermenting  toddy,  one  or  other 
of  which  is  used  in  the  fermen'ed  breads,  or  by  baking  powders  * 
(a  mixture  of  alkaline  carioonates,  especially  that  of  soda,  and  tartaric  or 
other  acid,  etc.,),  or  by  kneading  the  dough  with  water  charged  with 
carbonic  acid  gas  under  pressure — aerated  bread — the  latter  processes 
being  used  in  the  non-fermented  breads.  In  the  process  of  baking  bread, 
gas  is  given  off  by  the  fermentation  of  the  yeast  or  toddy,  or  by  the 
baking  powder,' etc.,  and  the  gas  evolved  permeates  the  dough  forming 
numerous  small  cavities  which  give  the  bread  its  sponge-like  appear- 
ance. 

In  good  bread  100  pounds  of  weight  by  flour  when  cooked  yield 
130  pounds  of  bread.  Bread  should  be  made  of  pure  wholesome  tlour, 
it  should  be  well  kneaded  and  raised,  and  not  eaten  fresh  from  the 
bakery— new  bread  is  indigestible.  The  greatest  attention  should  be 
given  to  the  quality  of  bread  consumed  ;  it  is  a  daily  article  of  food 
with  our  European  troops.  Bread  serves  to  prevent  us  from  taking  too 
much  animal  food  and  it  gives  volume  and  proper  consistence  to  the 
food. 

There  are  three  kinds  of  bread  :  white,  made  from  the  flour  only, 
wheaten  bread,  made  with  flour  mixed  with  the  finer  bran  ;  household 
bread,  made  with  the  whole  substance  of  the  wheat  grain.  1  he  farst 
of  these  is  the  ordinary  bread  made  for  troops  in  India,  tine  white 
bread  is  more  agreeable  than  the  other  kinds,  but  it  is  less  nourishing; 
on  the  other  hand,  coarse  common  bread  is  more  nutritive. 

Characters  of  good  bread.— Good  bread  should  be  white.  A 
Yellow  or  dark  colour  may  arise  from  the  use  of  old  or  inferior  flour, 
bad  veast,  or  the  presence  of  bran.  Acidity  may  arise  from  the  use 
of  old  or  inferior  flour  or  sour  toddy.  Bread  is  sodden  and  heavy 
when  from  any  cause  the  dough  has  not  risen  enough  ;  this  most  tre- 
quently  arises  from  the  use  of  bad  yeast ;  it  may  also  be  due  to  too 
much  or  too  little  heat  or  defects  in  the  kneading  process.  There 
should  not  be  more  than  45  per  cent,  of  water  in  bread.  In  bread  the 
chief  points  to  ascertain  are— that  it  is  free  from  alum  and  that  irnpure 
or  cheaper  cereals  have  not  been  mixed  with  it.    Bakers  sometimes 

»  whPn  (rnofl  bread  cannot  be  mnde  from  the  absence  of  yeast,  baking  powder 
Bicarbonate  of  soda,  sometimes  called  to;^^^^^^^^^^  ^  On  beating  the  dough, 
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mix  alum  and  other  substances  to  the  dough,  making  bread  to  secure 
whiteness,  which  is  popularly  considered  a  good  colour  in  bread.  This 
practice  is  to  be  condemned. 

BiacUitS. — Plain  biscuits  are  made  from  wheaten  flour  and  water 
baked  at  a  high  temperature.  In  the  majority  of  biscuits,  butter, 
sugar,  milk,  eggs,  and  flavouring  agents  are  added.  Those  known  as 
diet  or  digestive  biscuits  contain  bran.  Biscuits  require  to  be  well 
cooked  but  not  burnt.  Ordinary  biscuits  should  have  a  light  yellow 
colour,  float,  and  partially  dissolve  in  water.  They  should  yield  a 
ringing  sound  when  struck,  and  should  readily  soften  in  the  mouth. 
There  should  be  an  absence  of  weevils.  Plain  biscuits  are  more 
nutritious  than  bread  in  the  proportion  of  5  to  3.  Large  bodies  of 
troops  and  sailors  have  used  biscuits  as  the  staple  starchy  food  for 
a  few  months,  but  after  this  period  the  men  lose  weight. 

Biscuits  difler  from  bread  in  not  being  spongy  and  in  the  small 
percentage  of  water  they  contain,  usually  less  than  10  per  cent.,  some- 
times not  even  5  per  cent,  of  water  being  present. 

Chappatties.— The  cakes  or  chappatties  made  from  the  coarse 
wheaten  flour  called  atta,  are  the  chief  staple  food  of  a  large  proportion 
of  the  people  of  India.  Ths  atta  is  kneaded  into  dough  with  water 
made  into  thin  flat  cakes,  and  baked  on  an  iron  pan  at  moderate  heat' 
1  hey  are  very  nutritious,  wholesome,  and  when  well  cooked  and  fresh 
not  difficult  of  digestion.    Frequently  ghee  or  oil  is  added  to  these 

Rice.—Rice  forms  the  principal  food  of  millions  of  the  inhabitants 
of  India.  It  contains  about  85  parts  of  starch  in  100  parts,  and  is  easy 
of  digestion.  From  the  large  quantities  that  have  to  be  taken  to  supnly 
enough  nourishment  to  the  body,  it  is  usually  eaten  with  stimulating 
condiments,  such  as  chillies,  pepper,  etc.,  to  assist  its  digestion.  It 
can  be  combined  in  various  ways  for  food.  Eice  contains  very  little 
fat;  ghee  or  butter  is  therefore  usually  combined  with  it  in  some" 

jtoutzs  n,m,,le8„d  jislds  much  of  its  .tarcli  to  tbe  water  fotmi^B  s  ihiet  ™?  ° 
K' wd?°  P''  "  f"'^        "I""'  aoeT^l  KIn,  and  doISi 

a^7,c':iv~S;T,%t;?M„"isr,S-e^ 

rice.  remember  that  8  parts  of  unhusked  rice  yield  5  pans  of  cleaued  , 

to  itslJa7!lia''rPii'i°^  ^1°^'      ^'^y  *°       ^"'^et      I^di*^-    Tins  is  cliiefly  due 
reachinrth^  T^Zt  'l^  '° ""'"^  sometime  between  reaping^  S. 

Such  r"?e  shour  V'"  '^^""^       ^'"^^       partially  ferm.uis.  or  decomS- 

rounarbB  on  ,1^    .  ^O'^Je'uned.  and  inspectors  of  food  should,  dur,n«  thlfr 

m'Z^g  or  cunL^uS^^^^^   for  damaged  rice  e..posed  fur  sale  or  beiug  useS^^a'th: 
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Certain  changes  occur  in  new  rice  which  some  authorities  consider  are  con- 
cerned with  the  production  of  beri-beri.  Those  wlio  habitually  use  cured  rice 
suffer  less  from  this  disease  than  those  who  use  uucured  rice.  Cured  rice  is  rice 
that  is  boiled  and  dried  before  being  stored  and  ground  ;  uucured  rice  is  stored 
unboiled  and  unhusked. 

The  sweetmeats  and  confectionery  sold  in  bazaars  are  often  prepared  from  un- 
wholesome materials  that  cannot  be  sold  in  the  raw  state  because  of  tlieir  obvious 
deterioration  or  impurity.  Hence  it  is  always  wiser  for  Native  troops  to  prepare 
such  confectionery  in  their  regimental  kitchens  from  milk,  butter  or  ghee,  flour, 
Sugar,  etc.,  of  known  purity. 

Effects  of  eating  stale  cooked  cereal  foods.— One  of  the  com- 
monest sources  of  intestinal  and  other  derangements,  and  often  of  serious 
specifio  disease  in  Native-soldiers,  is  the  practice  of  eating  food  which  has 
been  cooked  the  previous  night  for  the  next  day's  food,  or  in  the  morning 
before  work.  This  is  usually  done  to  save  fuel  or  time.  The  food  becomes 
decomposed,  or  absorbs  disease-germs  from  insanitary  premises ; 
or  sometimes  the  food,  which  is  often  of  acid  reaction,  is  kept  in  metallic 
cooking  utensils,  brass  or  copper,  and  the  metal  may  add  its  quota  of 
baneful  substances. 

The  chief  tubers  and  roots  used  are — potato,  sweet  potato  and  taro  ; 
the  latter  two  are  not  included  in  ordinary  rations. 

Potatoes. — About  75  per  cent,  of  potatoes  consist  of  water,  the 
remainder  of  starch  with  a  small  quantity  of  salts.  Bulk  for  bulk, 
therefore,  they  are  much  less  nutritive  than  other  starchy  food.  Potatoes 
should  be  used  with  some  nitrogenous- -food  as  meat,  fish,  eggs,  etc. 
They  should  not  form  the  chief  part  of  a  meal.  They  are  best  when' 
boiled  in  their  skins  which  keep  in  the  nutritive  matter.*  In 
boiling  they  should  not  be  allowed  to  soak  for  too  long  a  time. 
Potatoes  may  be  cooked  by  steaming,  boiling,  baking  or  frying.  They 
require  to  be  thoroughly  masticated  before  swallowing.  Half  boiled 
potatoes  are  very  indigestible,  and  a  source  of  intestinal  irritation. 
Properly  cooked  potatoes  are  very  digestible  and  antiscorbutic.  Good 
potatoes  sink  in  a  solution  of  salt  having  a  specific  gravity  of  1,100; 
bad  ones  float. 

Vegetable  oils. —These  are  very  largely  used  for  cooking  purposes 
by  the  people  of  this  country.  The  chief  oils  employed  are  expressed 
from  different  seeds,  etc.,  such  as  ground-nut,  cocoa-nut,  gingelly  seed, 
til  (sesamum),  and  mustard  seed.  These  oils  are  wholesome  and  nutritive 
and  serve  a  useful  purpose  in  the  food  of  many  millions  of  people  in 
India  The  seeds  producing  edible  oils  when  expressed  yield  varying 
percentages  of  oil.  All  oils  when  expressed  in  the  cold  state  are  purer 
than  those  expressed  by  heating  processes. 

All  staple  articles  of  food— wheaten  flour,  atta,  rice,  dal,  potatoes, 
milk,  butter,  ghee  and  fresh  meat  of  all  kinds-issued  to  British  and 

 ;^Th6  potato  contains  a  small  proportion  of  gluten    This  is  situated  just  beneath 

the  flWn  ?Vhen  potatoes  are  peeled  for  cooking  ih  s  gluW.u  "^'^^tmuiug  pait  is, 
m«d  oB.   The  beft  way  to  preserve  this  part  is  to  cook  potatoes  in  thtir  skins. 
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Native  troops  should  be  systematically  inspected  by  some  British  officer 
with  technical  knowledge  before  it  is  issued  or  sold.  It  has  fallen  to 
one's  lot  as  Sanitary  Officer  to  examine  wheaten  flour  containing 
s&nd  and  weevils,  atta  that  was  almost  half  husk  or  in  a  state  of  partial 
fermentation  from  moisture;  rice  that  was  so  broken  up  as  to  be 
uncookable,  ghee  that  was  rancid  or  mixed  with  cheap  vegetable 
oils,  etc. 

The  same  remark  holds  good  as  regards  field  service.  With  our 
present  Supply  and  Transport  Department,  its  trained  officers  and  organ- 
ised methods  of  providing  food  for  soldiers  on  field  service,  defects  in  the 
quahty  of  the  food-stuflFs  provided  should  seldom  if  ever  be  met  with 
I  he  point  one  would  emphasise  is  that  it  is  always  necessary  that  some 
one  qualified  British  officer  should  be  responsible  that  every  bas  of 

A.  J'.  }    ^""^'^        '^^^P     go^*  slaughtered  is  fit  for  use  as  food 
and  that  the  accessory  articles  of  the  British  and  Native  sowLrs'  S 
are  good  and  wholesome.  o^mieiH  uiec 

F. — Vegetables  and  fruits. 

Green  vegetables  form  an  important  part  of  diet     Li  e  frnif, 
they  furnish  us  with  the  salts  and  vegetable  acids  that  are  so  necessarv 

pum/r.^  izT2tv:zTiTsjr.i'.iT,o''  v'"'  ■■ 

weather,  when  huncr  uu  in  a,,  n,.o„         ^  ^  *™e>  even  in  the  hot 

-3  wa,  the.  .a.  he  £ ^  Z?Z 

Ton^.toL^Zut'll^l^^^  «"0"l<i  be  thoroughly  cooked 

them  in  boiling  water^for  a  rnomenf  ^^^^     ^est  doSe  by  dinning 

one  ha.  hein/dipped  i^^Sr^te^^Tp^Lfa^nf  £  M^ha^? 

in  IncHa^i^^thf  pT^^^^^S^^^^  deal  of  carelessness  is   seen  to  prevail 

is  adopted,  and  ^he^  \ZZl.fd  7iTno^^  table   especially  when  Eng 

in  lettuce  or  other  salad.  All  vegetables  bPwT^  ^^  ^'K  ''"8'-  etc^ 
washed  and  cleaned.  Ever^  pan  of  vf  f  being  boiled  should  be  thoroughly 
The  object  of  cooking  is  to\TJ,  tL  .1^  7^^^^^^^ 

Therefore  all  vegetables  shonlH  ho  .  -i  envelope  of  the  vegetable  cell 

evp.r  u         ^^^.hf  'r'^^  .should  be  boiled  enough  to  effect  this.    Overboiling  how 
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vegetable  be  not  quite  fresh,  a  little  carbonate  of  soda  added  to  the  water  gives 
bade  their  gre.n  colour,  it  is  as  well  not  to  boil  vegetables  in  bard  water- if  this 
must  be  done  a  little  carbonate  of  soda  facilitates  the  cooking. 

Caution  regarding  the  use  of  raw  vegetables.-Raw  vegetables, 
especially  those  used  as  salads -lettuce,  beet-root,  water-cress,  etc., 
should  be  avoided  unless  thoroughly  cleaned  in  water  that  has  been 
bo^red  and  allowed  to  cool.  The  dirty  habits  of  some  gardeners  and 
vegetable  sellers,  the  germ  laden  dust,  the  use  of  contaminated  water 
Lr  washing  th^m.  and  other  causes,  make  it  imperatively  necessary  to 
either  avoid  their  use,  or  to  be  certain  that  they  are  properly  prepared ; 
where  personal  supervision  or  that  of  some  responsible  person  can- 
not be  gWen  to  vegetables,  they  should  not  be  eaten  in  the  raw  state 
l^iongf  the  parasites  that  may  be  ingested  in  this  way  a^^-the  eggs 
oSd-worm?,  and  vegetable  micro-organisms,  especially  the  bacilli  of 
dysentery,  typhoid  fever,  and  cholera. 

■     \rr'zr.Tr.':  ScS  ^scs  t'^iss^ 

of  xnanysucculentplan  s  are  o  ten  used  as  j^^^  ^^^^^.^^^  good,  sub- 

lSX:tTe^:^f^^^^^^  S'trordinary  gram  plant  ,C^cer  anenUnum) 

are  quite  good. 

one  mighthere  incidentally  mention  that  tinne^ 
and  compressed  potatoes  a^^^^^^^  ^  deficiently  cooked 

^^S'^r/f^eTvigSeYcr^^^^^^^  r 

ShSd  b^a  periodical  issue  of  lime-juice  to  all  troops  and  followers. 

.        -n.       4-  i-^v  flip  «no-flrs  thev  contain  fruits  possess  compar- 
,    Fruits. -Except  for  the  sugars  tftey  con  ^  wholesome 

,tively  little  nutritive  ^^^^^^^^  part  of  the 

foods^which  should  when   pos.We    orm^^a^.  V^^^^J^ 

daily  dietary.   Ihe  sugars       i^"^  organic  acids  which  are 

tlugartd  ^21  to  lose  its  sieetening  properties. 

.,e„  P-erved   s.„„y  e  piaced  in  bottles  a„^d  not  in 

tin8,.s  the  -^'V  .t,irmetall  0  t^^^^^^^^  -"ay  cause  lead  colic, 
give  the  fruit  a  deeded ly  J^tam    tas      ^^^^^^^^  y^^  ^^^^  ^.^  ^ 

lastric,  or  "'^.^  ^  ^^^^^^^  thick  layer  of  shellac.  Never- 

?reIetiUsVr°ef«af.e':  preserve  fruit  in  bottles. 

„„e-iuice  n>aUes  an  excellent  beverage  in  the  hot  weather  besides 
being  a  very  good  antiscorbutic. 
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All -fruit  that  cannot  be  properly  peeled  should  be  cooked.  All 
sound  fruifc,  that  is,  neither  unripe  nor  over-ripe,  may  as  a  rule  be 
taken  with  advantage  by  most  people.  Apples  in  the  hot  weather  are 
rather  difficult  of  digestion  as  are  also  the  harder  parts  of  melons.  The 
latter  are  often  grown  in  unsavoury  soils,  and  it  is  always  a  safe  rule 
to  put  them  for  a  few  moments  in  boiling  water  before  use. 

G. — Preserved  Animal  Foods. 

Preservation  of  meat —Meat  i8  preserved  in  one  of  many  ways  : — 

1.  By  e.vchision  of  air —The  meat  is  dipped  into  boiling  water,  to  coagnlate 
the  albumen  on  the  surface.  This  process  in  India  only  delays  decomposition 
a  short  time. 

2.  By  application  of  prfiservatives  to  the  surface.— The  meat  may  be  covered  with 
salt,  sugar,  boracic  acid,  boroglyceride,  powdered  charcoal,  or  even  solutions  of 
antiseptics.    This  does  not  delay  decomposition  indefinitely. 

3.  5y  picM'M?— Common  salt  with  a  little  saltpetre  is  robbed  into  the  meat 
or  the  meat  is  kept  in  strong  briue.  Water  is  abstracted  and  the  salt  acts  as  a 
preservative.  When  only  partially  preserved  by  salting,  meat  may  give  rise  to  very 
serious  symptoms  like  cholera. 

4.  By  dryinff.— The  meat  is  exposed  in  thin  slices  to  dry  air,  or  to  the  smoke 
of  a  wood  fire,  or  in  the  sun. 

5.  By  canning  or  preserving  in  tins.— \n  tins  or  other  containers  meat  is  hermeti- 
cally sealed  in  vacuo  or  sterilised  air.  Theairmay  be  abstracted  from  the  tin  before 
sealing,  and  replaced  by  nitrogen  and  sulphurous  acid,  or  by  air  which  has  been 
heated  to  500°  Fahr.,  or  by  steam.  Other  processes  aim  at  the  complete  exclusion 
of  air,  or  exclusion  of  part  of  the  air,  and  remo'sal  of  oxygen  from  the  remainder  bv 
means  of  sodium  sulphite  ;  or  at  the  exclusion  of  all  germ  life  by  boiling. 

xMeat  is  generally  preserved  by  cooking  and  canning  in  sterilised 
tins.  One  has  seen  this  process  as  carried  out  in  over  a  dozen  large 
factories  in  North  and  South  America,  Australia,  New  Zealand  and 
other  parts  of  the  world ;  in  every  instance  the  whole  process  was 
conducted  in  the  most  sanitary  and  hygienic  way ;  the  impression 
left  on  one  was  that  in  a  large  number  of  in.stances  micro-organisms 
giving  rise  to  meat  poisoning  gain  access  subsequent  to  the  cans  or 
tins  leaving  the  factories. 

In  examining  tinned  provisions  if  there  is  a  slight  suspicion  of  a 
hollow  or  tympanitic  note  on  tapping  the  tin,  *  a  suspicion  insufficient 
to  justify  condemnation,  set  the  tin  aside  in  a  warm  place  for  say,  24 
hours,  and  test  by  tapping  once  more;  if  gas  production  is  progressive 
the  hollow  sound  will  be  intensified.  When  there  is  a  drum-like  note 
on  tapping  the  tin,  it  is  at  least  suspicious  that  some  gas-formina 
process  is  going  on.  A  convenient  practical  way  of  testing  the 
presence  of  gas  in  a  tin,  is  to  place  a  drop  of  water  at  one  end  and 

to  taVthTliTwS.^'"  '"^^P^^ting  tinned  provisions  use  a  small  wooden  mallet 
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perforate  the  tin  through  the  drop.  If,  as  should  be  the  case,  there 
is  a  potential  vacuum  in  the  tin,  the  water  will  be  sucked  in  with 
a  hissing  sound,  if  gas  has  been  formed  it  will  bubble  through  and 
create  a  froth  at  the  position  of  the  drop.  As  a  rule  if  any  part  of  a 
tin  bulges  it  should  be  rejected.  A  properly  exhausted  tin  that  has 
been  well  sealed  is  either  flat  or  slightly  concave  at  the  top  and 
bottom. 

Tins  coutftining  preserved  food-stuffs,  meat,  etc.,  "  are  considered  unfit 
wlieu  :  — (1)  Peforated  by  uails  ;  (2)  tliere  are  any  angular  indentations  wliicli  are 
likely  to  have  caused  partial  fracture  of  the  tin  or  lender  it  liable  to  rust;  (3),  tliey 
contain  deleterious  gas,  or, are  bulged  or  blown  ;  (4)  they  are  rusty  ;  (5)  it  is  found 
that  the  tin  has  not  been  hermetically  sealed,  so  that"  the  meat  has  either  dried 
x>T  putrified  in  consequence."* 

Tinned  meat  occasionally  causes  within  12  hours  symptoms  of  acute 
irritation  of  the  stomach  and  bowels,  sucli  as  vomiting,  purging,  cramps, 
fever,  weak  pulse  and  great  prostration.  These  symptoms  may  arise 
from  decomposition,  the  result  of  imperfect  canning  of  the  meat ; 
in  this  case  the  tin  will  be  "  blown,  "  the  meat  may  be  offensive  to  both 
smell  and  taste.  Sometimes  no  such  changes  in  the  meat  are  observed, 
and  then  the  irritation  may  be  due  to  salts,  often  zinc  or  lead,  which  are 
found  in  the  meat  of  jelly  due  to  the  action  of  salt  and  organic  acids  on 
the  tin  or  solder,  possibly  aided  by  galvanic  action. 

Europeans  have  occasionally  to  live  largely  on  tinned  foods  and  it 
is  absolutely  necessary  for  safety  to  health  that  when  used  such  goods 
should  be  sound.  Tinned  foods  should  never  be  purchased  except  from 
the  most  reliable  firms.  It  is  necessary  to  insist  on  the  careful  examina- 
tion of  all  tinned  meats  before  they  are  consumed. 

The  consumption  of  tinned  foods  is  so  extensive,  both  in  peace  and 
war  in  the  Army,  that  their  mode  of  preparation  is  of  much  interest 
and  importance  to  all  medical  officers  of  the  services.  An  enormous 
quantity  of  tinned  meat  was  condemned  as  unfit  for  food  during  the 
South  African  War,  but  it  is  certain  that  the  greater  part  of  this  con- 
demned meat  became  unfit  for  food  owing  to  the  tins  having  been 
damaged  by  rough  usage  and  exposure,  and  that  the  meat  itself  had 
been  of  good  quality  when  put  up  in  the  tins  ;  and  it  may  be  said,  from 
all  the  evidence  recently  accumulated,  that  meats  tinned  in  the  United 
Kingdom  are  of  good  quahty.  Nevertheless  we  must  safeguard  om- 
troops  against  possible  disease  transmission  (as  of  tubercle,  or  of 
animal  parasites),  and  possible  food  poisoning  (through  ptomaines  or 
toxins),  and  in  the  light  of  recent  disclosures,  all  authorities  concerned 
should  exercise  the  most  rigid  vigilance  in  regard  to  tinned  meats 
arriving  in  this  country.  It  is  desirable  that  in  all  cases  the  manu- 
facturer's name,  place,  and  date  of  canning,  should  be  impressed  on  the 
can  ;  and  imported  canned  foods  should  be  furnished  with  a  certificate 
to  the  effect  that  they  have  been  produced  and  prepared  under  proper 
administrative  control  and  inspection. 


*  NoTTBR  and  Firth,  Theory  and  Practice  of  Hygiene,\Bv^  Edition,  p.  333. 
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Most  reliable  firms  now  affix  the  date  to  their  cans,  and  this  date 
should  always  be  looked  for. 

There  is  a  form  of  localised  bulging  of  tins  called  "  non-bacterial 
blowing  "  which  may  not  be  due  to  decomposition  ;  this  is  said  to  be  dun 
to  insufficiency  of  the  tin  lining,  the  acid  of  the  food  material  acting 
electrolytically  on  the  iron  case  and  producing  gas,  which  consists 
partly  of  hydrogen,  partly  of  atmospheric  air.  The  same  action  some- 
times'occurs  in  tinned  milk. 

Meat  and  fish  that  have  been  highly  smoked  or  salted  and  fish 
in  oil  are  generally  fairly  safe,  but  fresh  meat  and  fish  in  tins  are 
articles  that  snould  be  indulged  in  as  seldom  as  possible.  Tinned 
soups  are  usually  quite  safe  and  are  decidedly  better  than  meat 
extracts,  which  are,  as  a  rule,  stimulants  with  little  nutritive  matter. 

A  number  of  agents  are  added  to  tinned  and  preserved  foods 
sometimes  in  injurious  quantities.    It  is  not  often  that  any  serious  effect 
arises  from  the  consumption  of  such  foods,  but  the  general  principle 
holds  good,  that  at  the  present  day  the  use  of  preservatives  in  canned 
food  IS  unnecessary  and  should  not  be  legally  permitted.    The  chief 

nKt  f  ^"""^'f  ^''''f^  ^"d'  ^hich  is  used  instead 

Lt  ji  ^  ?  "^'^'^  ^f^'-  ^^""^^  quantities  of  such  food  as  hams 
sides  of  bacon,  etc.,  are  packed  in  boric  acid,  and  potted  meats  prepared 
from  these  may  contain  as  much  as  17|  grains  ("even  ud  to  S 
gains")  to  the  pound,  without  having  befn  addell  b;  the  Lanufec- 
Tinned  meat  or  tinned  fish  if  not  properly  preserved  and  canned 
may  when  eaten,  give  rise  to  ptomaine' poisoning  clwacterised  bv 
vomiting  and  purging,  fever,  delirium,  frequent  and  weak  X  Lt- 
lessness,  and  great  prostration.  Ptomaine  poisoning  may  follWthe  ut 
of  decomposing  food,  and  It  is  specially  liable  to  occu-r  afteT  eatiu! 
meats  that  have  been  preserved  in  badly  sealed  tins,  or  tins  tlat  l  av! 
been  perforated  in  any  way.  The  ptomaines  forced  by  the  micro 
organisms  of  decomposition  in  animal  flesh  are  not  destrovS  bv" 
Te^y^d^'  batf  n« 

^^^I'fC'frVrt^^^^^^^  -'t'itive  value  weight  for 

meut  should  be  avoided,  freslf  S  behuMssi  d  a'  Sf?""'"*  "^'"^W"^  P^^^erved 
1907,  p.  43  and  Alloio.nce  /?e9M^S)7yeft  on  2  l„v.  h  ^"  P^^^.^^e.  F.  S.  P.  B., 
pre,served,  and  fresh  meats.  ^^ctiou  2,  lays  down  the  equivaleuls  of  salted! 

conceS?S*/o^^fs^?°tt^o?  dn;'^^^^^  "P^^^'""  — f^eture  of 

which  they  are  made     These  snls  a  p1  ""T"  '■'i'^"''^  ^ubstKuces  from 

There  are  definite  physical  liSt  on   i  .  ™^'"'•T  T"*'  P"''°^'  'Cereals, 

cannot  ba  canied.    Take  ^he  c^se  Jf  m.  .7" '1^  '  '^°"-^<''"tr"t.on  of  food-stuffs 

about  15  to  20  per  cent  of  .rnfo'n  "^'^f-  V? '^^'^^"'.'Je,  meat  contains  fr(,m 
rest  being  fat  Z  S  or  S  al  matter     hT,"  'Ti"'  ^a.er  e 

tion  possible  is  that  of  red'lTmZ^from  /to  J  ii'b'ulf  *  °* 
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There  is  much  misunderstanding  abrofvd  regarding  concentrated  foods  ii 
general.  The  actual  bulk  of  foods  can  only  be  reduced  to  a  certain  extent.  It  i 
impf'Ssible  to  condense  food  in  such  a  way  that  a  week's  supply  can  bt>  carried  in  a 
few  small  tablets  in  the  coat  pocket.  'This  i.pplies  to  the  concentration  of  all 
classes  of  food.  The  most  condensed  form  of  animal  proteid  is  dried  and  compressed 
meat  powder,  and  the  pure  casein  of  milk  ;  of  curbohydrate  food,  pure  cune  But;ar, 
which,  containing  no  water,  its  bulk  cimnot  be  reduced.  Vegetable  oils,  luid 
butter  or  ghee,  when  pure,  are  the  most  concentrated  forms  of  hydrocarbons.  l<or 
sedentary  work  the  daily  food  of  an  adult  man  cannot  be  reduced  to  a  less  bulk 
than  12  10  14  ounces  of  solid  material  without  the  man  losing  weight ;  for  crduiary 
moderate  work  16  to  18  ouuce.^^,  and  for  hnrd  work  20  to  25  ounces.  These  amounts 
are  for  solid,  dry,  water-free  food-slufis,  and  they  must  consist  of  the  proper 
proportions  of  the  different  proximate  principles  required  in  a  diet. 

Pemmican  —This  is  one  of  the  best  known  concentrated  foods,  consisting  of 
desiccated  meat  powder  5  parts,  impregnated  with  fat  4  parts,  and  it  is  probably  the 
most  highly  concentrated  real  food  in  existence. 

Mixed  nrepared  food S-  -There  are  a  vast  number  of  these  on  the  market  which 
yarv  in  compositron  from  being  quite  simple,  as  in  the  case  of  Tropou,  to  such  highly 
coniplex  combinations  as  in  some  of  the  Army  rations. 

Tronon  is  a  proteid  food  obtained  from  both  animal  and  vegetable  sources, 
heine  made  chiefly  from  fish  and  cheap  vegetables  ;  |  of  an  oun.e  of  it  contains  as 
mS  proteid  a^  4^ounces  of  raw  beef.  It  is  nutritive,  and  one  of  the  cheapest  con- 
centrated mixed  foods. 

Prhswurst.-The  original  Erbswurst  of  the  Germans  consisted  of  simple  saus- 
MbSWUrs-t.    X       J,  number  of  the  foods  on  the  market  imitatinst 

fKloS  of  posSd  peas  w  tTbacon  or  beef  fat.  with  various  condiments,  this 
combSon^^^^  iu  some  form  of  waterproof  cover  and  sold  as  a  sausage  or 

pSet    Various  kinds  of  peasoup  tablets  belong  to  this  class. 

Av«,«rntinnR -Various  Army  rations  are  on  the  market;  "they  consist  of 
•  .  ^pfnVei^he^VefOT  mutton,  w      potatnes,  onions,  beans,  gravy  and  picides. 
mixtures  ot  eitlier  neei  oi  K    _pi,„i„  v,p;„„  cooked  and  contained  in 

some  a'- -"t-"  ^  re"an  ma7  be'ea£rc'old  or  warmed  up.  Macona- 

hermetically  sealed  tins  otsmau^^^  of  meat  and  ilb.  vegetables,  and  gravy, 
chie's  Patent  Army  rat  on  c  o  .lb.  ot  m  ^^^^^^^^  .  Amongst  the  mixed  fatty 

K.y^rate'  ro-rntkTed"foods  we  may  mention  Hrol  and  Vum. 

When  food  acts  as  a  carrier  of  infection  it  does  so  in  one  of 
wnen  loou  contained  m  the  food 

rTnirmruIuy  fecomposFng  meat,  as  embryos  of  tape-worm,  etc.)  or 

Ss  lie  by  man  in  handling,  or  by  insects  such 

«  fit's     After  microbe  are  deposited  on  food,  if  the  latter  as  a  favour- 
able medfum  for  their  growth,  the  germs  may  multiply  within  .t  or 
L  thP  surface    and  their  virulence  may  be  enhanced  by  their 
upon  ^/}^/"'^Qastg^^^^    may  also  gain  access  to  prepared  food 
cultivation.    Disease  gem       J  |  ^^^^  ingredients.  Milk,  soup, 

.through  water  ^^^^  m  ™g  J  cultivating  media  for  germs, 

.^wTlo-ltTtC-e  bo.,  ptomaine  p,.oauoe.  a.d 

'bacteria  carriers. 
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H. — Cooking  of  Food. 


Effects  of  cooking  food. — Cooking  renders  all  food  more  pleasant 
to  tlie  eye,  more  palatable  and  more  digestible.  Meat  in  its  natural 
condition  is  fairly  tough ;  by  cooking  the  fibres  are  softened,  and 
it  is  mor&easily  broken  up  by  the  teeth,  and  the  albumen  is  coagulated. 
Cooking  breaks  up  the  cellulose  envelope  of  starch  granules,  which 
renders  them  easy  to  be  acted  on  by  the  saliva  and  pancreatic  juice. 
It  should  b3  remembered  that  ordinary  cooking  does  not  afford  complete 
protection  in  meat  that  is  infected  with  specific  disease  virus. 

Cooking  of  meat. — The  cooJcivg  of  meat  is  necessary  to  destroy 
any  noxious  microbes  or  poisonous  bodies  that  may  be  present  in  raw 
meat,  to  preserve  it  from  putrefactive  changes  by  heat  sterilisation, 
to  increase  its  digestibility,  and  to  produce  that  palatability  which  a 
civilised  taste  calls  for.  In  all  cooking  processes  meat  loses  weight, 
usually  from  20  to  30  per  cent. 

Boiling.— In  boiling  a  joint  the  meat  should  be  plunged  into 
boihng  water  for  5  minutes  to  coagulate  the  outside  albumen  and 
retain  its  salts,  extractives,  and  soluble  substances,  in  the  interior 
The  remainder  of  the  boiling  should  be  conducted  at  a  temperature 
below  1/0  Fahr.,  which  is  the  temperature  at  which  most  albumens 
coagulate,  m  order  that  the  meat  may  not  become  tough,  dry  and 
indigestible.    On  the  other  hand,  in  making  soup  or  broth  the  meat 
should  be  cut  into  small  pieces  and  placed  in  cold  water,  which  is 
gradually  warmed  to  150°  Fahr.    In  this  way  the  salts  and  extractive 
matters  pass  out  of  the  meat  into  the  soup,  together  with  a  certain 
proportion  of  the  more  soluble  albuminates.     A  final  heating  to  a 
boiling  temperature  is  advisable,  if  there  is  any  suspicion  of  tlint  in 
the  stock  meat,  in  order  that  putrefactive  organisms  may  be  destroyed. 

Stewing.— This  is  the  most  economical  way  of  cooking  meat  as 
nothing  of  the  meat  is  lost;  a  large  part  of  the  nutritive  material  of  th; 
meat  passes  into  the  gravy.    The  meat  with  the  ingredients  to  be  used 

CO  rl  „r"°^  ?f '  rF'''  P"<^  "^to  the  pot  containing 

cold  water  and  heated  very  gradually  until  the  water  is  iust  short  of 
^mmering  (160°  to  170°  F.),  a^nd  kept  at  this  heat  for  3  or  4  ho-s 
ihe  pot  must  be  kept  completely  covered  and  never  allowed  to  really 
boil,    btewed  meat  is  very  digestible 

for  eve^v  nonl  fr'       .    "'"^^  ^  <3"^rter  of  an  hour 

tir  TJU  T""^      ^         "^'^r  five  PO""ds  in  weight.  Aroma- 

tic and  savoury  products  are  formed  in  roasting  and  bakhig  whicHre 

wi  h  tl!r  f^'^         "^^^t^d       flows  L  of  the  oint  ogether 

with  gelatine  and  extractives  to  form  the  gravy.  ^^ogetber 
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All  food  of  troops  should  be  thoroughly  cooked.  Many  men  like  to 
see  the  red  juice  flow  from  their  cooked  (sicj  meat.  Such  meat,  however, 
has  not  reached  the  point  of  cooking  at  which  all  germs  are  killed. 
When  this  latter  is  reached  the  juice  is  not  red  but  brownish. 

Responsibility  of  medical  officers  regarding  food  of  the  sol- 
dier.— The  medical  officer,  with  his  special  training,  should  be  an 
expert  in  connection  with  all  questions  relative  to  the  soldier's  food  in 
peace  and  war.  On  iield  service  especially,  medical  officers  of  units, 
senior  medical  officers,  principal  medical  officers  of  brigades  and  divisions, 
and  sanitary  officers  of  divisions,  have  their  personal  responsibilities  in 
the  matter  of  the  soldier's  diet ;  and  the  points  alluded  to,  and  others 
not  included  here,  should  receive  their  attention.  One  knows  from 
experience  that  whenever  any  avoidable  defects  are  pointed  out  to 
officers  commanding  regiments,  supply  officers,  etc.,  such  defects  are 
when  possible  rectified  immediately.  These  officers  want  such  advice, 
and  they  look  to  responsible  medical  officers  for  it. 

The  cooking  of  the  food  should  be  specially  attended  to,  particularly 
when  fighting  under  high  pressure.    The  medical  officer  attached  to 
units  will  insist  on  this  and  all  officers  in  the  regiment  should 
co-operate   with   him  in  the  matter.    With  Native  troops,  he  will 
emphasise  the  necessity  of  properly  boiling  the  rice  and  dal  (which 
he  should  frequently  examine  between    his  fingers  in  the  cooked, 
state)  and  see  that  the  chapatties  are  properly  baked,  and  not  eaten 
in  a  doughy  or  half-raw  state.    In  the  case  of  European  troops  he 
will  inspect  the  bread,  the  cooked  meat,  and  vegetables,  and  see  that 
no  part  of  the  latter  escape  proper  preparation.    Wheaten  flour  must 
be  used  for  bread.    Atta  is  undesirable  either  as  bread  or  chappatties 
for  European  troops  who  are  unaccustomed  to  it  and  under  its  u.se  would 
soon  suffer  from  diarrhoea,  indigestion  and  general  lowering  of  the 
system.    Complaints  are  frequently  made  about  the  bread,  and  in  most 
cases  one  has  found  these  justifiable.    It  is  rare  to  find  any  defect  in  the 
wheaten  flour  itself— the  fault  is  usually  in  the  kneading,  the  yeast,  or 
other  agent  used  for  "raising,"  or  in  the  baking.    When  men  come 
in  from  a  long  march  or  after  a  hard  day's  fighting,  and  have  but  few 
hours  to  sleep  before  they  are  required  again,  they  are  disposed  to  give 
little  attention  to  the  preparation  of  their  food,  which  under  this  cir- 
cumstance is  sometimes  eaten  half-cooked.    This,  apart  from  roobmg 
the  food  of  some  of  its  nutritive  value,  tends  to  lay  the  foundation  of 
various  intestinal  maladies— this  is  one  of  the  factors  which  prepare 
the  bowel  for  the  multiplication  of  the  enteric  bacillus,  of  the  different 
species  of  the  dysentery  bacillus,  and  of  infective  diarrhoea,  met 
with  in  long  campaigns  on  our  Indian  Frontiers  and  in  the  East 
£?enerallv     The  cells  covering  the  healthy  mucous  membrane  of  the 
alimentary  tract  are  powerful  antagonists  to  the  attacks  of  disease-germs, 
but  when  tho,se  cells  are  themselves  weakened  by  constant  irritation 
from  improper  food  or  defective  cooking,  and  their  resisting  powers 
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are  reduced  to  a  minimum,  then  such  germs,  which  are  probably  more 
or  less  constantly  present,  get  the  upper  hand  and  commence  their  work 
of  invading  the  mucous  membrane  and  deeper  parts,  or  help  other  disease- 
germs  which  have  gained  access  to  do  so.  Each  Japanese  soldier  during 
the  Man ohurian  campaign  received  a  tin-foil  box  containing  90  creasote 
pills,  of  which  he  was  directed  to  take  two  daily  as  a  prophylactic  against 
typhoid  fever,  dysentery,  and  disturbances  of  the  alimentary  tract 
generally. 

When  possible,  the  same  care  should  be  taken  in  the  cooking  and 
preparation  of  food  on  field  service,  as  in  peace  times.  It  should  always 
be  wholesome  and  appetising— tasteless  food,  lacking  in  variety,  leads 
to  a  loss  of  appetite  with  its  inevitable  results.  The  soldier  should  be 
taught  to  cook  his  own  food  and  to  make  it  palatable  from  the  materials 
he  will  have  at  his  disposal  on  field  service. 

Several  witnesses  gave  the  Royal  Commission  on  the  South 
African  War  harrowing  accounts  of  the  sufiferings  of  the  men  from 
bad  food.  A  keen  sense  of  these  evils  has  moved  the  authorities  of  the 
United  States'  Army  to  determine  that  cooking  shall  be  systematically 
taught  in  the  Army.  It  is  held  that  every  soldier  should  be  able  to  cook, 
and  to  that  end  military  cookery  schools  have  been  established  in 
Washington  barracks  and  at  some  of  the  forts  on  the  western  side  of 
North  America.    The  same  is  done  at  Aldershot  now  by  ourselves. 

Doolies,  with  fly-proof  wire-gauze  panels  all  round,  should  be  used 
to  store  and  protect  food  from  dust  and  Bies.  A  liberal  supply  of 
wire-gauze  dish  covers  should  be  in  every  officers'  mess.  All  food-safes 
and  wire-gauze  covers  should  be  thoroughly  scrubbed  with  soap  and 
water  frequently.  All  utensils  used  for  holding  food,  or  cooking  it 
should  be  thoroughly  clean,  and  well  scalded  and  cleaned  after  being 
used  at  each  meal.  ^ 

Inspection  of  cooking  utensils.— The  cooking  utensils  in  the 
kitchens  should  be  repeatedly  inspected  to  see  that  they  are  kent 
properly  clean.     Whenever  possible,  especially  amongst  Euronean 
troops,_  the  use  of  copper  vessels  should  be  avoided.    In  former  Indian 
campaigns,  and  before  the  present  camp  kettles  were  introduced,  obscure 
bowel  complaints  were  attributable  to  acute  or  chronic  copper  poison- 
ing.   Copper  and  brass  utensils  in  the  Native  Army  should  also  be 
done  away  with.    They  involve  much  labour  in  ke/ping  them  clean 
and,  when  used  m  a  soiled  state,  may  lead  to  bowel  affections.  Efforts 
are  now  being  made  in  units  to  introduce  aluminium  cooking-pots 
and  one  has  every  confidence  that  the  innovation  will  more  than 
repay  the  expense  by  increased  numbers  of  efficient  men.    In  cooking 
rice  and  vegetables  in  these  aluminium  utensils  it  is  necessary  to  coat 

UnHprS'f  T^^         ^°  '^"'•"^"g  being  cooked.  In  the 

United  State  Army  and  several  Armies  on  the  Continent  of  Eurone 
aluminium  is  largely  taking  the  place  of  other  metals  for  cooking  and 
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feeding.    When  the  man  has  to  carry  his  feeding  vessels,  the  diEference 
in  weight  in  aluminium  is  not  a  negligible  factor. 

The  cooking  utensils  of  our  British  troops  consist  of  oval  camp 
kettles  in  sets  of  3,  with  4  sets  per  company ;  these  are  packed  in 
suleetahs.  Each  kettle  is  supplied  with  a  gridiron,  one  chopper,  and 
a  ladle. 

Hot  food  at  end  of  a  march.— All  experienced  officers  recognise 
it  to  be  very  desirable  that  men  should  have  some  hot  food  at  the 
end  of  the  march.  Waiting  for  baggage  to  arrive  and  meals  to  be 
cooked,  whilst  the  body  is  soaked  with  perspiration  and  in  a  state  of 
physical  depression,  is  very  liable  to  lead  to  chill,  attacks  of  fever,  bowel 
complaints,  etc.  A  pint  of  hot  strong  soup,  cocoa,  or  tea  and  a  biscuit 
on  arrival  in  camp  or  bivouac  after  a  march,  is  very  refreshing  and 
cheering,  and  then  the  men  can  wait  for  the  next  meal  without  impa- 
tience;  the  feeling  of  fatigue,  lassitude,  and  depression  after  a  long 
march,  rapidly  pass  off,  and  give  place  to  contentment  and  a  readiness 
to  take  things  as  they  arise. 

Many  ways  have  been  proposed  to  supply  hot  food  at  the  end  of 
a  march  to  the  men,  such  as  providing  a  travelling  cart  with  boiling 
water  with  which  and  soup  tablets  the  man  can  make  his  own  soup 
ih  a  few  minutes,  every  man  carrying  his  own  soup  tablets  and  a  tew  bis- 
cuits, etc.  ;  or  with  a  self-cooking  apparatus  like  the  "  Calorogen  ration. 

Hot  meal  before  an  attack  whenever  possible.-When  an  attack 
is  expected  the  men  should,  whenever  possible,  have  their  breaktast 
or  other  meal,  before  the  attack  begins.  "  It  is  very  important 
that  the  troops  should  be  supplied  with  food  regularly,  and  always 
before  marching.  In  the  event  of  an  early  morning  march,  or  oi  men 
employed  late  at  night,  an  extra  ration  of  tea  with  a  little  bread  o 
biscuit  might  be  recommended." 

T«,«vft^ioe>i1  IritpliPiiB  — When  the  cooking  is  to  be  done  for  a  large  party  of 
B,itisWo7pr?b?t5?"Say'.  .0  dig  o.  b.dU  up  a  lou^^ 

which  makes  them  last  longer.    Several  such  ^h-pg  "lenches  may 

what  is  known  as  the  parallel       vectmgul.v  kitcheB^^^^^^  ^.^^^ 

covered  with  tarpaulins.  . 

For  a  party  over  20.  the  simplest  .^.  w^^^^^^ 
in  a  camp,  is  to  place  a  F^P°;*'°"                              the  leeward  end  of  the 
rows  about  9  inches  apart,  ^^^^^^'"^^^  "I'^^'^ife  Le  and  place  over  it  one  or  two 
trench  so  formed  ^^^^^^           ,,^;f  i',^  dy    n  position*.   Each  kettle  takes  up 
rows  of  kettles  resting    on  tliobe^^neau>   au    ^   
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one  foot  of  linear  space,  and  can  cook  16  dinners  without  veeetnldes,  and  8 
with  vegetables.  Mess  tins  can  be  arranged  similarly,  but  in  that  case  not  more 
than  8  should  be  used  together  (vide  Plate  69,  Manual  oj  iliiilary  Enumbtring, 
1906). 

Field  r  vens  — 'I'he  simplest,  form  of  field  oven  consists  of  a  hearfh  sunk  below 
the  yro.niii  s  n ff.ce  w  th  .m  tirch  fi.niied  by  a  hurdle  or  slieet  iron.  Tiie  ^abie 
ends  are  formeil  with  .-o  is  The  whole  of  the  inteiior  of  the  oven  is  Wfll  j/l.  stered 
with  cow-duiij/  and  cli.y.  The  hunile,  well  pliisiered  on  the  outside  with  cow -dung 
and  clay,  so  as  to  leave  an  aich  when  it  bums  aw.iy,  is  coveied  with  earth 
from  the  e.xcavation.  The  entrance  to  the  oven  is  closed  either  by  ji,  hurdle  phisiereri 
with  cl.iy,  or  simply  by  sods.  This  oven  is  well  devised  for  making  bread  and 
will  bake  lor  150  meji , it  a  time  [uide  Manual  of  Mil  itary  Krigii^etrina,  I'dQb  Plate 
60.  The  service  oven  Aldershot  pattern  (I'l.te  68,  fig.  2,  should  be  fi.xed  up  without 
the  flue,  but  placed  on  a  prepared  flattened  site.* 

Cooking  arrangements  for  Native  Army.— The  cookitjg  arrange- 
ments for  our  Native  Army  can  scarcely  be  improved  upon  — they  are 
simple,  moderately  quick,  conducted  without  any  great  amount  of 
nuisance  and  in  many  ways  satisfactory,  and  with  the  exception  of  the 
necessity  of  some  sort  of  absorption  pit  or  receptacle  for  kitchen  slops 
and  the  washing  of  cooking  and  feeding  utensils,  call  for  no  comment 
I  he  use  of  .slo[)  pits  is  an  important  question  with  the  Native  \vmv 
as  the  cooking  and  feeding  utensils  are  washed  after  each  meal  and 
this  has  to  be  done  fairly  adjacent  to  the  kitchen     Those  used  during 
the  Delhi  and  Rawalpindi  manoeuvres  and  at  the  Agra  Concentration 
were  about  4  long  3'  wide  and  Si'  deep,  the  excavated  earth   bem  j 
banked  up  on  one  side,  and  thrown  in  from  time  to  time  so  th.t  thev 
were  literMlly  absorption  pits.    The  kitchen  a.^hes  were  al.^o  frequently 
deposited  in  these  pits,  the  refuse  charcoal  ol  .he  ashes  ncxiJ  i 

earner  '"''""^     '''P  SamtatcL  of 

have?^K^^^;^:!;^V"  i^^^Xl^^^'f^T""'^  -.n^ements 

provision  may  have  to  be  made  m  the  .4. peTmU  carts  wh^cl i  nTrn 

be  commenced  at  once  when  the  march  is  finished.  ^  '^'^0^^'"^  to 

Travelling  kitchens  —The  use  of  travelling  kitoiipnc  -mnc       a  , 
importance  by  the  Russians  in  Manchuria     TL  e^e  rtw^^ 
which  the  hermetically  sealed  meat-pots  contai  ,ed  buM  ft-L  yse-O)  in 

was  cooked  by  the  steair  iiro.luc.fl  i.  ln't  Iiltle  water,  and  the  lood 

vide  for  a  large  meat-pot  to  ^ook  thf-me'''  anf  JeLuble"""n;i"  "^T^lf  *° 

of  infantry  of  220  to  257  hroti  ir  f  ^'^^s-- I)  to  cook  tor  a  comp  nf 

strong,  o'f  these,  two  t  -  's  of  ea  wer/in  ^ "  T"  a  o'^^'^'r^'  ^'"^  ^°  '^0 
infantry,  (2)  a  two-whee  ed  for  cavaW  the  -  r  h.,  c  „^  "  n-wheeled  apparat,  s  for 
the  halt  or  when  actually  on  the  m^/.cif '  iV/e  ^n^^^^  the  meals  either  at 

consisting  of  some  bad  heat  coiulurto,     Pnr h  I- "^"^  enclosed  in  a  case 
the  pot  was  so  constructe    tl.Tt  iT  "^^ncr £  ron.^  "  ^ 

animal;  wood  fuel  was  evcl.isi'X  user  tL?.r^7^^^"^  earned  on  one  i^ack 
gallons  for  the  intantry    an  1^7^  ToVthe  nnt^^       f-lT''^"  P°*  67^ 

weighed  not  more  th-m  90  n^i  f^   ■  1°^/"^  cavalry  kitchen;  the  cart  when  loaded 

kitchen  "Ppurtemnccs   p^^vi;  ons\:  '^"^^  ^"'^  ''-'='"-.V.  The 

than  10  cwt  for  infantry  »nd  n      ^   f""''  ''^c  .  did  not  (ve.gh  more 
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On  actual  jfighting  days  the  hot  food  was  carried  up  to  the  position  at  mid-day. 
There  is  a  consensus  of  opinion  that  the  Icitchen  carts  were  of  vast  use  to  the  Rus- 
sians in  the  late  war.  The  four-wheeled  carts  were  considered  too  heavy  in  moun- 
tainous country  and  heavy  roads.  When  the  roads  were  really  muddy  it  needed 
six  horses  per  cart,  and  large  fatigue  parties  had  often  to  be  engaged  for  this.  The 
limber  consisted  of  a  box  where  driver,  and  cook  sat,  the  box  contained  bread, 
dry  provisions,  salt,  tinned  food,  etc.,  with  a  rack  at  the  back  in  which  various 
food-stuffs  could  be  placed.  In  the  rear  waggon  only  a  boiler  was  placed.  The 
two-wheeled  type  of  kitchen  which  can  be  drawn  by  one  horse  are  now  considered 
preferable.  Tlie  two-wheeled  cart,  or  some  modification  of  it,  would  appear  to  be 
more  suitable  to  Indian  Frontier  Warfare. 

"The  kitchen  waggons  allowed  the  men  in  the  most  advanced  position  to  be 
provided  with  hot  meal's  twice  a  day,  a  very  good  aid  towards  enduring  the  hard- 
ships of  the  weather.  In  the  last  position  ou  the  Sha-lio,  the  supply  of  food  was 
carried  out  under  cover  of  darkness,  before  daybreak,  and  m  the  evening.  The 
kitchen  carts  were  led  up  as  close  as  practicable  to  the  advanced  line  of  entrench- 
ments and  halted  under  eover  -,  the  food  was  carried  in  small  camp  kettles  up  to  the 
trenches,  or  the  men  themselves  were  sent  forth  to  fetch  it  from  the  carts  by 
units." 

When  on  the  march  the  meat  was  cooked  for  2^  hours  and  then  removed  to  a 
Dartition,  where  it  could  be  kept  warm  for  .some  time,  while  the  bones  were  lett  in  a 
little  longer  to  improve  the  soup.  On  reaching  the  end  of  the  march  or  during  a  long 
halt  or  temporary  intervals  in  fighting,  each  man  got  his  food.  During  winter  hot 
water  urns  holding  3  to  4  gallons  each,  two  per  pack  animal,  were  introduced,  and 
were  very  popular  both  for  making  tea  and  hot  water  to  warm  lood  with. 

Value  of  travelling  kitchens  on  field  service.  -Regarding  the  use  of  these 
carts  before  the  late  war  it  had  been  said  :  -  The  untirmg  endurance  of  the  troops 
mnsM  e  iustlv  ascribed  iA  a  very  great  degree  to  the  travelling  kitchens,  which 
m  se  he  s  ringtl  of  the  troops  20  to  30  per  cent.,  a  fact  clearly  shown  in  forced 
marchefwhere^he  soldier  eats  liis  middaf  meal  half-way  at  the  hal  ,  and  his 
Evening  meal  at  the  final  halt  at  the  end  of  the  march.  It  may  be  safely  assert  d 
wTthout  Exaggeration  that  three  regiments  with  travelling  kitchens  are  worth 
a  whole  division  without  them." 

The  minner  in  which  these  cooking  carts  of  the  Russians  carried  out  their 

as  regards  efficiency  in  those  that  were. 

ThP  Tananese  likewise  used  a  form  oE  light  stove-ovens  which  could  be  taken 

animals,  ten  per  l,,ge  pots  of  115  gallons 

cooking  utensils.  Jlie  disaci        ^  ^^^^^^^  ^.^  ^^^^  could  not. 

capacity  had  ess  s^^o^V"^^,         nn  the  march.    In  40  minutes  the  rice  rations 

l\  5?  me^n  Tol/ bf  cJ  k^^lTn  one'of  thtl  Te^l    Two  kitchen  carts  were  usei  by 

J^anese  for  Ihe  Hospital  Corps,  who  had  little  time  to  cook. 

The  great  disadvai^tage  of  these  cooking  kitchens  is  the  enormous 
increase  in  the  transport  required,  but  from  the  experience  of  the 
RnssTans  Tn  their  late  campaign,  it  would  seem  that  some  such  arrange- 
^rt^ust  inevitably  be  made^n  a  large  war  with  a  powerful  enemy 
provided  with  up-to-date  armament. 

I  -SKETCH  OF  DIGESTIVE  ORGANS  AND  PROCESSES  OV  DIGESTION. 

■  The  disgestive  tract..--When  w^  —  btgtJTrtopTf 
fl^tf^^lo^^IluS^^^^^^  ■ 
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the  food  canal,  alimentary  or  digestive  tract.  From  the  mouth  it 
passes  into  the  sac-lilie  cavity  of  the  throat,  called  the  pharynx,  from 
wliich  it  enters  the  gullet,  msophagus,  or  "  food-pipe."  Below  the 
gullet,  the  food  canal  widens  out  to  form  a  sort  of  bag  or  resting  place 
for  the  food,  called  the  stomach-  The  walls  of  the  stomach  contain  a 
large  number  of  small  bloodvessels,  into  which  the  completely  dissolved 
liarts  of  the  food  passes. 

Small  intestine. — At  the  far  end  of  the  stomach,  the  pipe  again 
le.^sens  in  size  and  passes  onwards ;  this  part  is  called  the  smalL 
intestine.  In  this  division  more  food  passes  into  the  blood  vessels 
through  the  walls,  and  in  it  also  there  are  other  little  tubes  into  which 
another  portion  of  the  food  enters,  called  lacteals,  so  called  because  the 
fluid  they  contain  is  like  milk.  From  these  lacteals  it  passes  by  a 
roundabout  process  to  the  blood  vessels. 

Pancreas  or  sweet-bread..— Into  the  upper  part  of  the  small 
intestines  open  the  ducts  which  convey  the  digestive  fluids  secreted  by 
the  liver  and  sweet-bread  or  pancreas.  The  pavcreas  is  a  long  flat 
glandular  organ,  situated  in  the  abdominal  cavity,  somewhat  resem°blino' 
a  dog's  tongue  in  shape.  ^ 


Fia.  33.— Diagram  of  stomach  aud  intestin* 
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Large  intestine.—  At  the  farther  end  the  small  intestine  widens 
out  again  to  form  a  continuation  of  the  digestive  canal,  called  the  large 
intestine,  which  serves  to  contain  all  the  waste  matters  of  the  food, 
and  absorb  any  liquid  portion  of  the  food  that  has  not  already  entered 
the  blood  vessels  and  lacteals. 

To  make  such  solid  bodies  as  parts  of  the  food  are  composed  of  pass 
through  a  very  fine  membrane,  it  is  necessary  either  to  dissolve  them 
in  a  liquid,  or  pound  them  up  so  fine  that  the  solid  particles  can  pass 
through  or  permeate.  From  the  mouth  downwards  in  man  we  find  a 
very  perfect  pounding,  dissolving,  and  melting  machinery.  We  grind 
our  solid  food  with  the  teeth,  and  unless  this  is  properly  done,  it  can- 
not be  well  digested  or  got  full  value  out  of.  Food  that  is  not  well 
masticated  may  cause  certain  forms  of  disease  of  the  bowels.  We  often 
find  old  people  without  teeth,  and  others  with  many  decayed  and 
useless  teeth  suffering  from  diarrhoea  and  indigestion  ;  such  persons 
should  either  be  supplied  with  false  teeth,  or  have  their  food  pounded 
up  fine,  before  eating  it ;  for,  if  this  is  not  done,  the  hard  lumps  of  the 
food  cannot  be  properly  acted  upon  by  the  digestive  juices.  A  lot  of 
the  food  is  then  wasted,  because  it  is  not  digested.  Eut  grinding  tlie 
food  to  the  smallest  visible  particles  is  not  sufficient;  it  must  also  be 
dissolved  in  water.  Many  things  we  use  as  food  require  only  water  to 
dissolve  them  — salt  and  sugar,  for  instance.  The  solutions  so  formed 
can  be  taken  up  or  absorbed  at  once  by  the  blood  vessels  of  the 
stomach  and  intestines.  But  many  other  bodies,  such  as  beef,  mutton, 
vegetables,  rice  and  bread,  will  not  dissolve  in  water  ;  they  require  to  be 
changed  by  more  active  agents  before  they  are  fit  for  absorption.  These 
active  agents  are  called  the  digestive  juices. 

Digestive  juices.— These  are  formed  by  glands— some  small,  as 
those  of  the  stomach  and  intestines,  others  large— as  the  liver  and 
sweet-bread,  and  salivary  glands.  Most  of  these  glands  are  situated 
along  the  alimentary  tract,  from  the  mouth  to  the  lowest  part  of  the 
small  bowel.  We  will  briefly  describe  how  these  juices  are  formed  or 
secreted. 

From  the  mouth  to  the  last  part  of  the  bowels  there  is  a  thin 
skin-like  structure  called  the  mxhcous  membrane.  This  membrane  is 
partly  made  up  of  a  thin  tissue  called  epithelium,  which  is  composed  ot 
cells  ;  beneath  these  cells  the  part  is  arranged  to  contain  glands,  which 
are  the  organs  that  secrete  the  juices.  These  glands  are  surrounded  by 
a  layer  of  very  minute  blood  vessels.  The  cells  of  the  different  glands 
abstract  what  they  want  from  the  blood  to  form  their  fluids. 

Composition  of  digestive  juice.-The  fluids  secreted  by  all  the 
trlRTids  is  lareely  composed  of  water,  which  serves  to  dissolve  the  solid 
LtsVrmed  by  the  gland  cells.    The.e  solid  constituents  are  the 
Ltive  parts  of  the  juices,    ^ome  of  the  juices  are  acid  some  alk.i  ine 
some  act  on  one  kind  of  food,  ^me  on  another.    Besides  these  glands 
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in  the  mucous  membrane  of  the  mouth  and  intestines,  there  are  other 
important  glands,  which  pour  their  fluids  into  the  alimentary  tract 
through  little  tubes  called  ducts  durins  digestion.  These  latter  glands 
are  those  that  form  the  sa/im  which  is  secreted  by  the  glands  situated  in 
and  about  the  mouth, — thepancreas  or  sweetbread,  which  secretes  what 
is  called  the  pancreatic  juice ;  the  liver,  which  forms  the  bile ;  and  the 
glands  of  the  small  intestine  itself,  which  secrete  the  intestinal  juice. 
It  is  the  combined  action  of  the  juices  of  these  glands  on  the  food  that 
is  called  digestion.  '       '  ' 

Salivary  glands. — The  salivary  glands  are  situated  in  and  about 
the  mouth.  The  fluid  they  secrete  keeps  the  mouth  moist,  and  allows 
the  tongue  to  move  freely  in  speaking.  When  we  eat  hard,  dry  food, 
the  saliva  softens  and  thereby  enables  us  to  swallow  it.  The  chief 
action  of  saliva,  however,  is  to  convert  starch  into  grape  sugar,  and  as 
we  have  already  said,  this  form  of  sugar  is  able  to  pass  into  the  blood 
vessels  in  solution.  By  cooking  arrowroot,  sago,  or  any  other  starch 
it  becomes  tliick,  sticky  and  tasteless.  If  we  place  some  of  this  in  the 
mouth  and  keep  it  there  for  a  few  minutes,  we  shall  find  that  the 
starchy  part  has  become  watery— the  starch  has  become  converted  into 
a  kind  of  sugar  by  the  fluid  poured  into'  the  mouth  by  the  salivary 
glands.  This  action  on  starch  is  not  altogether  completed  in  the 
mouth ;  it  is  continued  on  any  undigested  starch  by  the  action  of  the 
juice  formed  by  the  pancreas,  which  is  situated  just  below  the  stomach 
As  a  large  part  of  the  food  consists  of  starch,  it  is  necessary  that  the 
salivary  glands  do  their  work  properly.  We  see  that  starches  are  con- 
verted into  sugar  in  the  mouth  by  the  saliva  and  in  the  small  intestines 
by  the  pancreatic  fluid.  This  sugar  rapidly  passes  through  the  mucous 
metnbrane  of  the  stomach  and  small  intestine,  and  so  into  the  blood 
capillaries  of  the  walls  of  the  digestive  canal.  Thus,  all  the  good  parts 
ot  starch  and  all  the  sugar  we  eat,  pass  at  once  into  the  blood. 

Action  of  the  gastric  juice.— The  gastric  juice,  secreted  bv  the 
stomach,  dissolves  all  proteid  or  meaty  substances,  and  some  of  the  nit- 
rogenous  part  of  vegetable  food.  If  we  took  a  piece  of  meat  and  placed 
It  in  gastric  juice,  we  would  find  that  the  meat  would  disappear  it 
would  all  dissolve,  except  the  fat  and  the  shreddy  covering  of 'the 
muscle  fibres.  In  this  dissolved  state  it  is  ready  to  enter  the  blood 
and  IS  taken  up  by  the  blood  vessels.  The  juice  secreted  by  the 
pancreas,  called  th^  pancreatic  in  addition  to  acting  on  starches 

like  sahva,  acts  on  fleshy  substances  in  the  same  way  thtt  the  gastric 
juice  does,  and  it  will  also  help  bile  to  split  up  fats  and  prepare^  them 
lor  entering  the  ^acjeai  vessels  through  the  "^tWi.  These  Tre  vessel 
which  take  up  a  milk-like  substance  from  the  small  intestine.  Tht 
milk-hke  material  enters  the  lacteals,  and  then  passes  into  larZ 
similar  vessels  which  end  eventually  In  a  vein  at  the  bottom  of  fhe 
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"^^•V- Proteid,  meaty,\* or  fleshy  foods  are  dissolved  in  both  the  gastric 
and  pancreatic  juices ;  the  dissolved  part  readily  passes  into  the  blood 
vessels.    The  fat  cells  are  broken  up  by  the  stomach,  their  envelopes  dis- 


Fio.  34.— Villus,  highly  magnified  (after  Fkout). 

solved  and  the  fat  globules  set  free.  The  bile  and  pancreatic  juice  split 
these  into  much  smaller  globules,  and  these  tiny  particles  of  fat  pass 
into  the  lacteals  and  then  into  the  blood.  The  mineral  matters  of  the 
food  are  dissolved  by  all  the  juices  and  pass  at  once  into  the  blood. 
Water  passes  into  the  blood  vessels  along  the  entire  digestive  tract. 

-rw-  ^f-hrcaA  nnri  phaBTiatties.— Let  US  follow  apiece  of  biei\daiidmeat 

throu?Khf  tood1?^aL%^°^^^^^  consist  lavgel?  of  stnrcl..    While  we 

through  the  looa  caoai  becomiug  moistened  by  the  saliva  and  some  of 

theXrrcLnS^^^^^  of  it  is  softened  and  partly  broken  up^  In 

*K     fn^«nl/the  Yece^^^^  of  the  bread  (gluten)  is  dissolved,  .aid  it, 

wfth  tfirnewlY  forS  8ugar,^e^^^  the  blood  vessels.  The  part  not  acted  on  is 
with  tlje  "ewiy  lorme     ^    ,  .^^^       ^^^^^  intestine,  and  is 

tCe  acted  on  by  the^ice  of  ffiTmall  intestine  and  pancreas,  where  it  is  dis- 
f  !/„n^  finds  itrwav  into  the  liver  and  then  into  the  heart  and  general  circula- 
Sr  tL  greater  part^of  the  proteid  or  albuminous  matter  of  bread  is  not  digested, 
but  passes  out  of  the  bowel. 

S  W  aiS'  come  ^^^^^  t'Hro^'  ^I^ZST S^"^^'^ 
which  It  was  s^wed  a^^^^  ,,^3  3     „  i^^estine, 

solved  proteid  '^^^^^^        ndce  ;  these  convert  the  fats  into  .-i  sort 

and  is  acted  on  by  the  f  J,^  frfs  abs^^^^^^^       When  all  these  products  are 

of  soapy  emulsion,      J^^icl   form  t^i^^^^^^^^ 

mixed  together,  we  have  tormea  a  kjuu  oi  ^  „„..,„..  ^„„fo  .  „-nr\.  \\tt.\f.  bv 

passed  al 
little,  al! 
mentaiy 
((raiiulas 
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Oomparabivedlgestibility  of  different  foods.-The  comparatlv*  dlgestibi- 

lity  of  different  articles  of  diet  ia  shown  in  the  following  list  :— 

Hours.  Minutes. 


Ricfl  boiled  soft     _        ...            ..•  1  0 

Apples,  sweet  and  ripe     ...            ...            ■..  1  30 

Sago,  boiled     ...             ...             ...             •••  1  4,5 

Tapioca,  barley,  stale  bread,  boiled  milk,  bread  2  0 

and  milk,  cold  cabbage  with  raw  vinegar. 

Potatoes,  roasted            ...            ...            •••  2  30 

Baked  custard               ...            ...            ...  2  45 

Apple-dumpling             ...             ...             ...  3  0 

Potatoes  and  turnips  (boiled),  butter  and  cheese  8  30 

Tripe  and  pig's  feet         ...            ...            ...  1  0 

Veniion,  broiled             ...                          ...  1  35 

Cod  fish  fboiled),  oggs  fraw)           ...            ...  2  0 

Turkey,  goose  and  lamb  ...            ...             ..2  30 

Eggs  (soft  boiled),  beef  and  mutton  (roast  or  3  0 

boiled)  and  oysters  (raw). 

Boiled  pork,  stewed  oysters,  eggs  (hard  boiled  or  3  SO 

fried). 

Domestic  fowl  and  duck  (roasted)    ...            ...  4  0 

Wild  fowls,  pnrk  fsalted  and  boiled)...             ...  4  40 

Veal,  roasted ;  pork  and  salted  beef  ...             ...  5  35 


Structure  of  the  teeth. — Each  tooth  consists  of  3  parts— a  root  or  fanp  which 
fits  into  a  socket  of  the  jaw-bone,  the  wec7i;and  the croioji.  The  inc'sors  and  canines 
have  only  one  fang,  the  molars  in  some  2  and  in  others  3,  and  the  wisdom  teeth  4. 
The  nerves  nnd  blood  vessels  onter  at  the  end  or  apex  of  the  fang.  The  teeth 
consist  chiefly  of  a  hard  tubular  substance  called  dentine.  This  is  covered  on  all 
exposed  parts  with  a  hard,  white  and  brittle  material  called  enamel.    If  this  outside 
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Fig.  35.— Section  of  tooth  (after  Prout). 

covering  becomes  chipped  or  damaged,  it  does  not  grow  again.  In  the  centre 
of  each  tooUi  is  the  tooth  pulp,  which  is  a  soft  mass'of  nerves  and  blood  vessels,  the 
latter  serving  to  nourish  the  teeth.  The  fang  ia  united  to  the  jaw-bone  by  a'tbin 
membrane  called  the  cement  substance  or  cementum,  which  is  like  bone  in  structure. 
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The  enamel  of  the  teeth,  although  very  hard,  is  «Iso  very  brittle,  and  will  not 
stand  rough  usage.   The  teeth  should  not  be  used  for  cracking  nuts  or  biting  very 


Fig,  36. — Scrapings  from  the  teeth  containing  several  different  kinds  of 
bacteria.    Highly  magnified. 

hard  substances  or  thread,  and  gritty  tooth  powders  should  not  be  used.  We  should 
not  use  sharp  pointed  metallic  articles,  such  as  pins  or  needles  to  pick  the  teeth  with, 
they  wear  away  the  enamel.  Once  the  enamel  is  broken  off  and  the  dentine  exposed, 
the  latter  may  decay  very  rapidly  creating  hollows  in  the  tooth  and  toothache.  We 
should  have  the  teeth  seen  to  periodically  by  a  dentist;  there  maybe  nothing 
wrong  with  them,  but  if  there  is,  he  detects  it  at  once  and  checks  the  process 
bf  decay. 

It  is  impossible  to  attach  too  much  importance  to  proper  mastica- 
tion of  the  food.  To  the  soldier  on  field  service  one  looks  upon  it  as 
most  essential  to  keep  free  from  the  various  intestinal  derangements 
to  which  life  in  camp  renders  a  man  liable,  and  the  thorough  mastica- 
tion of  food  helps  to  do  so. 

Decay  of  teeth— The  teeth  are  provided  us  for  the   purposes  of 
cutting  and  grinding  our  food.    It  is  necessary  that  we  take  every 
precaution  to  preserve  them  in  a  sound  state.    Caries  of  teeth 
universal  that  it  may  be  useful  to  briefly  allude  to  it.    The  process 
caries,  or  decay  of  teeth,  is  a  chemico-parasitic  one,  carried  out 
stages,  the  first  of  which  is  the  removal  of  the  enamel  (the 
covering  of  teeth.)  and  dentinal  tubules  (the  less  dense  substances 
beneath  the  enamel)  by  solution;  and  the  second,  the  eating  away  of 
the  soft  parts  of  the  tubules  and  pulp  by  microbes.    In  the  ordinary 
process  of  eating,  a  certain  amount  of  food  remains  behind  after  eac,h 
meal,  remaining  in  the  mouth  and  becoming  entangled  between  the  teeth, 
which  from  the  heat  and  moisture  of  the  mouth  rapidly  decomposes. 
Further,  as  the  saliva  evaporates,  it  leaves  a  deposit  on  the  teeth  ca  U-d 
tanar.    This  tartar  collects  organic  matter  and  germs.    Much  ot  this 
consists  of  the  particles  of  food  remaining  in  the  mouth,  starch  which 
ferments  and  forms  acids-the  starch  under  the  action  of  the  .ahva  is 
converted  into  grape-sugar,  and  this  by  the  action  of  different  kinds  of 
bHcter'a is  converted  into  lactic  acid.  Some  of  the  bacteria  of  the  mou  h 
mav    however    without  the  action  of  saliva,  convert  starch  into  lactic 
Tctd^lX   This  lactic  acid  acts  on  the  lime  salts  (of  the  enamel  and 
dentine)  effect  ng  their  solution  (decalcification),  and  then  microbes 
en?    and  digest  Uie  soft  parts  in  the  dentinal  tubules.  Eventually 
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the  pulp  is  exposed  and  the  process  of  eating  up  or  digestion  by  bacteria 
continues.  Many  specimens  of  bacteria  inhabiting  the  mouth  may  thus 
eat  away  the  soft  part  of  the  teeth.  The  initial  causes  leading  to  caries 
are  chiefly  deformity  of  the  teeth,  a  deficiency  of  lime  salts,  existence 
of  pits  or  fissures  in  the  teeth  which  lodge  starchy  food,  acid  foods  and 
drinks,  nes[lect  of  cleaning  the  teeth  regularly,  etc.  Decay  is  due 
chiefly  to  external  causes  and  may  occur  with  perfectly  developed  teeth 
in  persons  in  excellent  health  and  physique,  and  who  keep  their 
mouth  and  teeth  thoroughly  clean.  Dental  caries  is,  of  course,  inse- 
parably associated  with  the  bacteriology  of  the  mouth.  The  mouth 
cavity  is  usually  crowded  with  microbes,  and  the  more  diseased  it  is, 
the  greater  their  number  ;  some  of  these  microbes  are  disease-produc- 
ing, others  innocent. 

Preservation  of  teeth. —The  teeth  should  be  brushed  with  steri- 
lised water  and  some  form  of  fine  tooth  powder  or  antiseptic  tooth 
wash  once  a  day  at  least ;  and  all  particles  of  food  that  lodge  between 
the  teeth  should  be  removed  with  a  quill  or  a  wooden  toothpick.  We 
should  not  use  sharp-pointed  metallic  instruments  for  this  purpose. 

Effects  of  eating  too  rapidly. — We  ought  to  take  time  in  eating 
our  food.  By  "  bolting,"  or  imperfectly  chewing  our  food  before  swal- 
lowing it,  we  do  not  give  time  for  the  saliva  to  mix  with  it  properly  ; 
the  coarse  pieces  of  food  that  are  thus  swallowed  resist  the  action  of 
the  digestive  juices.  Quick  eating  leads  to  over-eating  and  over-load- 
ing of  the  stomach.  We  do  not,  then,  really  know  the  quantity  we 
have  eaten  until  we  feel  an  uncomfortable  fulness  about  the  stomach. 
This  habit  finally  leads  to  dilatation  of  the  stomach  connected  with 
which  is  indigestion  and  a  train  of  other  evils. 

Meals— periods  of  day  for  taking  them.— We  cannot  lay  down 
any  fixed  rules  as  to  the  hours  of  the  day  at  which  meals  should  be 
taken,  or  the  number  of  meals  to  be  consumed.  These  points  are 
regulated  by  convenience,  occupation  and  caste ;  we  shall  therefore 
confine  ourselves  to  a  few  general  remarks.  As  a  rule,  we  ought  not  to 
take  more  than  three  meals  a  day,  and  most  people  are  better  with 
two.  We  condemn  the  custom  of  eating  "  little  and  often."  The 
stomach,  like  all  other  organs,  requires  intervals  of  rest.  There  should 
be  an  interval  of  at  least  four  to  five  hours  between  meals.  This  does 
not,  ofcourse,  apply  to  invalids,  convalescents,  and  sick  people  generally, 
as  they  require  to  be  fed  oftener  and  in  small  quantities.  Betw^een  the 
periods  of  the  ordinary  meals  notliing  should  be  eaten.  The  time  of 
talcing  the  last  meal  is  regulated  by  habit  and  occupation.  As  a  rule, 
it  should  not  he  later  than  seven  o'clock  in  the  evening  On  field 
service  w«  may.  however,  in  this  matter  have  to  be  guided  by  circum- 
stances. Certainly  no  heavy  food  or  large  meal  should  be  eaten 
immediately  before  going  to  bed. 
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Food  sbould  be  taken  with  regularity  and  at  proper  intervals. 
The  timing  of  the  meals  of  the  European  soldier  is  at  present  a  grave 
defect.  The  official  meals  of  the  European  soldier  are — breakfast  at  8 
A.M.,  dinner  at  l2-;^0  to  1  p.m.,  and  an  evening  meal  {K.R.,  1908,  § 
1  159). 

Under  this  distribution  of  meab  the  European  soldier  for  practically 
1  8  hours  depends  more  or  less  on  personal  non-official  sources  for  his  food. 
Unless  he  provides  himself  with  a  supper  or  evening  meal,  he  starts 
his  day  having  had  no  food  since  the  previous  mid-day,  except  some 
weak  tea  and  what  he  can  have  saved  from  dinner.  To  make  up  for 
this  void  the  temptation  is  great  to  fill  himself  with  beer  during  the 
evening  and  under  circumstances  when  alcoholic  drink  is  bound  to 
have  its  maximum  intoxicating  eflfect.  The  custom  of  opening  the 
regimental  canteen  during  mid-day  before  dinner  should  be  stopped. 
The  men  who  use  it  drink  beer  when  hungry,  lessen  their  ability  to 
digest  food  by  diluting  the  gastric  juice,  and  lose  appetite.  Alcoholic 
beverages,  if  used,  should  be"  taken  with  the  dinner. 

The  remedy  for  these  two  defects  is  to  issue  the  main  meal  in 
the  evening,  say,  at  5  to  6  P.M.  The  present  mid-day  meal  could  be 
well  sub.xtituted  by  some  bread,  butter  and  cheese,  with  some  beer  if 
this  is  considered  necessary.  This  change  should  anyhow  be  tried. 
From  a  physiological  and  hygienic  standpoint  it  has  all  in  its  favour. 

How  meals  should  be  taken.— Meal  times  should  not  be  used  for 
mental  work.  All  serious  thinking  at  this  time  impairs  the  appetite 
and  hampers  digestion.  Cheerfulness  is  very  desirable  during  these 
periods.  It  was  intended  by  Nature  that  we  should  enjoy  eating 
since  a  sense  of  taste  has  been  provided  us. 

Exercise  before  and  after  meals.— As  soon  as  food  is  eaten,  the 
digestive  tract  is  at  once  supijlied  with  an  extra  quantity  of  blood, 
partly  at  the  expense  of  the  other  organs  of  the  body.  We  should  not 
therefore  undertake  any  hard  study,  labour,  or  exercise,  immediately 
before  or  after  meals.  It  is  advisable  to  give  the  stomach  at  least 
a  short  rest  at  these  periods.  Active  exercise  immediately  after  a 
meal  disturbs  digestion.  But  persons  in  health  may  do  anything  that 
does  not  require  severe  exertion.  When  tlie  active  part  of  digestion  is 
over  we  feel  once  more  invigorated  and  fit  for  work,  whatever  it  be. 
Never  eat  a  full  meal  when  in  a  state  of  bodily  fatigue,  as  m  this  con- 
dition the  digestive  process  is  slow.    (See  p.  71.)  ,    .    •  . 

Surfeits  of  food  harmful.-It  is  almost  unnecessary  to  insist  on 
the  avoidance  of  a  surfeit  of  food  at  all  times.  This  is  particular  y 
Tippe^sarv  when  men  are  exhausted  and  have  to  cook  and  eat  hurriedly 


atelv  after  severe  fatigue,  or  during  physical  exnausuou^ 

danger  is  from  over-feeding,  not  deficiency  of  food.    The  great  defect 
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thrown  on  the  eliminating  organs  ;  albumen  occurs  in  the  urine  after  a  surfeit  of 
eggs,  sugnr  in  the  urine  after  great  excess  ot  sweets  or  starches.  Ilubitual  over- 
eating leads  to  fatness,  rheumatism,  etc. 

It  is  specially  important  for  the  European  to  aToid  over-ealing  on  first  coming 
to  India.  Tlie  whole  digestive  system  is  undergoing  »  chnnge,  one  special  efifect 
of  which  is  that  the  liver  is  subjected  to  a  strain  by  the  climate  in  getting  rid  of 
the  wi.ste  products  of  digestion,  the  use  ot  excess  of  animul  food  is  specially  to  be 
avoided.  The  beef  and  mutton  are  neither  as  nutritive  nor  as  digp.stible  as  those  of 
temperate  climates,  and  should  be  taken  in  moderation.  A  small  reduction  in  animal 
food  and  a  larger  allowance  of  vegetables  and  fruit  is  all  that  is  usually  necessary. 
Meat  meals  three  times  a  clay  are  not  suitable  for  the  Indian  climate,  and  tend  to 
keep  the  work  of  the  liver  in  a  state  of  high  pressure  to  get  rid  of  the  excessive 
amount  of  effete  material  created.  Should  anything  happen  to  interfere  -with  this 
work,  the  liver  breaks  down  in  the  process.  It  is  a  sound  physiological  rule  to 
observe  simplicity  in  diet.  Highly  seasoned  dishes,  greasy  me.«ses  (whether  madw 
with  butter,  ghee,  fat  or  oil),  pastry,  rechauffes  and  excessive  use  of  condiments  are 
to  be  eschewed.  The  chief  defect  in  the  diet  of  the  European  is  that  he  take-s  too 
much  nitrogenous  food  and  fat.  The  chief  defect  in  the  diet  of  our  rice-eating 
Indian  soldier  is  a  deficiency  of  nitrogen,  and  loo  large  an  amount  of  carbonaceous 
material. 

The  food  should  be  so  prepared  as  to  be  eaten  with  enjoyment  and  relish 
Hence  the  necessity  of  understanding,  anyhow,  the  first  principles  of  cookerj\  It 
is  also  desirable  that  oflicers  should  be  acquainted  with  the  details  of  the  culinarv 
processes  carried  out  in  the  soldier's  kitchen,  and  interest  himself  in  these  bv 
occasional  visits  to  the  kitchen  while  the  preparation  of  the  food  is  in  piogress.  The 
work  carried  out  in  the  kitchen  has  animpoi  tant  bearing  in  efficiency.  Monotony 
in  diet,  unsavoury  preparation  of  food,  in suflicient  cooking,  and  other  defects  are 
often  associated  with  increase  of  sickness  rate,  and  a  general  loss  of  stamina  of 
the  men. 

The  nature  of  the  food  materials  sold  to  men  by  hawkers  and  others  in  canton- 
ments and  in  camps  requires  constant  watchfulness,  especially  in  such  things  -is 
sausages,  meat  pies,  kubabs,  fish  (fried,  dried,  salted),  ice  creams,  milk,  confectionery 
of  all  kinds,  and  fruit.  •' The  greatest  danger  to  the  European  soldier  in  India  by 
means  of  his  food  is  the  ubiquitous  presence  of  cook-boys  and  other  low-cmti 
natives  in  and  about  the  lines." 

Variety  of  food  is  necessary.— Few  things  impair  appetite  so 
much  as  sameness  of  diet.  Nature  has  provided  a  great  variety  of  foods 
for  us  of  which  we  should  take  advantage.  By  the  processes  of  assimi- 
lation* metabolism  f  and  nutrition  t  food  is  changed  into  flesh  and 
blood.  Say,  we  eat  a  meal  of  meat,  vegetables,  and  some  liquid  ;  the 
former  two  are  ground  by  the  teeth,  mixed  with  the  saliva,  and  all  are 
churned,  and  dissolved  by  the  digestive  fluids,  absorbed  by  vessels  of 
the  stomach,  and,  finally,  swept  through  the  body  as  blood.  As  the 
blood  passes  it,  each  organ  takes  up  its  .special  food.  Within  the  cells 
of  the  organs  it  is  altered  into  different  forms  of  protoplasmic  matter- 
hard  bone  for  instance,  or  soft  delicate  brain  tissue,  into  tears  per 
spiration,  into  bile  for  digestion,  oil  for  the  hair,  or  nails  for  the 
fingers. 

•  Assimilation  is  the  process  of  transforming  food  into  such  a  nutrient  conditio, 
that  ,t  IS  taken  up  by  the  circulating  fluids  of  the  body  and  converted  into  an 
integral  part  of  the  economy. 

va.„u  is  applied  physiologically  to  different  phenomena  which 

result  from  the  chemical  changes  in  animal  cells,  or  in  the  lubstance  eurroundiug 

of  thVwddy"""  asaimilationof  luitrltiTe  mat«rial  by  the  org.ms  and  tlsiue. 
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Abrupt  changes  in  diet  injurious.— It  may  be  remarked  that  the 
human  economy  dislikes  abrupt  changes  in  its  habits,  in  its  diet 
especially  ;  therefore  the  food  of  the  soldier  in  the  field  should  not  be  a 
sudden  departure  from  tliat  to  whicli  he  is  accustomed.  A  sudden 
change  of  staple  articles  is  particularly  resented  by  the  alimentary  tract 
and  our  organism  generally,  and  should  be  avoided. 

J.— Quantity  of  Food  kequired. 

Quantity  required  varies  with  circumstances. — The  quantity  of 
food  required  to  keep  the  vital  processes  in  action  in  health  varies  with 
the  occupation,  habits  of  the  individual,  and  with  the  climate.  A 
sedentary  calling  needs  less  food  than  an  out-door  life.  A  laborious 
occupation  calls  for  a  supply  of  force-producing  food,  such  as  fatty 
material  and  starches,  with  a  sufficiency  of  animal  food.  An  increase  of 
work  requires  a  corresponding  increase  in  the  total  amount  of  food  taken, 
and  this  increase  should  be  in  all  the  classes  of  food  materials  in  due 
proportions  and  not  in  any  one  class.  Youths  relatively  to  weight 
require  more  food  than  older  men.  The  season  should  also  cause  us  to 
modify  our  diet.  In  winter  we  require  carbonaceous  food  and  more  meat 
than  in  summer.  In  the  hot  weather  we  should  take  less  meat,  fatty 
and  starchy  food,  but  more  fruit  and  green  vegetables.  Climate  also 
has  its  necessities.  The  people  living  near  the  North  Pole  have  a 
great  liking  for  fat  and  oils.  In  India  the  diet  should  consist  of  more 
vegetable  than  animal  matter,  i.e.,  it  should  be  less  stimulating. 

It  is  doubtful,  however,  whether  climate  has  niiy  great  influence  ou  the  ques- 
tion of  food  materials  required,  except  in  e.xtreme  cold.  "  Man  is  capablt-  of  adjust- 
ing his  temperature  to  that  of  the  surrounding  medium,  not  by  increasmg  or  dvinm- 
ishintr  the  amount  of  heat  he  produces  from  his  food,  but  by  the  retjnlatiou  of  heat  loss 
hv  cl  thina  In  very  cold  climates  the  demand  for  heat  is  so  great  that  it  cannot  be 
met  bv  diminishing  loss;  the  deficit  is  made  up  by  an  increas.j  of  heat  production 
hv  l  ereie"  consumption  of  food,  particularly  fatty  food.  Similarly  in  hot  climates 
thP  demand  for  heat,  is  so  small  tiiat  it  can  no  longer  be  adjusted  by  an  increased 
loss  in  this  casH  man  instinctively  avoid,  the  nitrogen  containing  foods  ana  the 
f„r^o^  those  nutritive  constituents  from  which  a  large  amount  of  heat  can  be 
produced  iTa  sS^  vegetable  food-stuffs  is  relatively 

""""^ General  principles  of  diet.— The  general  principles  of  diet  are:— 
That  (l)no  single  nutritive  principle,  whether  nitrogenous  or  non-nitro- 
senous  can  support  life  except  for  a  short  time ;  (2)  life  may  be  supported 
UDon  one  nitrogenous  and  one  non-nitrogenous  principle  for  along  time, 
but  for  a  permanency  salts  would  have  to  be  added— thus  proteids  and  fats, 
or  Droteids  and  starches,  would  support  life  ;  (3)  for  the  best  forms  of  diet 
both  fats  and  carbohydrates  are  needed  in  addition  to  nitrogenous  matter, 
and  in  all  probability  both  starch  and  sugar  among  them.  It  would  also 
appear  that  a  due  admixture  of  more  than  one  form  of  nitrogenous 
prmciple^is_advKabb^^^  in  perfect  health  it  is  necessary  that  his  food 
should  contain  examples  of  the  five  different  sorts  of  food-stuffs  enumer- 
ated on  p.  168  proteids,  carbo-hydrates  or  sugars,  hydro-carbons  or  fats, 
salts  and  water.  The  first  three  classes  serve  as  sources  of  energy  to 
the  bordy. 
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The  nutritive  value  depends  on  the  carbon  and  nitrogen  con- 
tained—Tlie  nutritive  value  ol  a  diet,  depends  cliiefly  on  tlie  amount  of 
carbon  and  nitrogen  it  contains.    A  man  doing  a  moderate  amount  of 
work  will  eliminate,  chiefly  Irom  the  lungs  in  the  form  of  carbonic 
acid,  from  250  to  280  grammes  (about  3,750  to  4,200  grains)  of 
carbon  daily.    During  the  same  time  he  will  eliminate,  chiefly  in  the 
form  of  urea  in  the  urine,  about  15  to  18  f^rammes  •(  roughly  225  to  270 
grains)  of  nitrogen.    These  are  derived  from  the  metabolism  of  the 
tissues,  and  various  forms  of  energy  'mechanical  motion  and  heat 
being  the  chief)  are  simultaneously  libcjrated.    Daring  muscular  exercise 
the   output  of  carbon   greatly  increases,    the   increased  excretion 
of  nitrogen  is  not  so  marked.    Taking  then  the  state  of  moderate 
exercise  it  is  necessary  that  the  waste  of  the  tissues  should  be  replaced 
by  fresh  material  in  the  form  of  food,  and  the  proportion  of  carbon  to  ' 
nitrogen  should  be  the  same  as  in  the  excretions — 250  to  15,  or  1 5'6  to  1, 
The  proportion  of  carbon  to  nitrogen  in  [jroteid  material  is,  however,  5:-5 
to  15,  or  3-5  to  1.    The  extra  suj-ply  of  carbon  must  be  derived  from 
non-nitrogenous  foods— fats  and  carbo-hydrates, 

Carbon  and  nitrogen  required  in  diebs.  — A  healthy  man  doing 
ordinary  work  requires  roughly  lu  liis  diet  about  300  grains  of  nitrogen 
and, 4,500  grains  of  carbon.  The  dietary  of  the  British  soldier  approxi- 
mately contains  these  quantities. 

The  energies  of  the  body  can  only  arise  from  the  food  consumed.  Hence  the ' 
nutritive  value  ot  the  various  food-stuffs  is  the  same  as  their  value  as  force  pro-' 
l^f^-''^"^?  simplest  measure  of  the  amount  of  power  or  energy  which  can  be 
obtained  from  a  given  weight  of  matter  is  the  heat  provided  during  its  combustion. 
AS  a  standard  or  measure  of  heat  yielded  by  the  combustion  of  food  we  have  the 
cfone  which  represents  the  heatrequiivd  to  raise  I  kilogramme  or  litre  (35  ounces) 
tl  iT     '        '  °^^.'^!;!rP„''lf'  1      «f  W'^terJ  ■  F.    The  mechanical  equivalent  of 

t l  e  T^^orU^  ?f  '/""^  "^^  •  '■'■^'^'^^  1  ^  ton-.    In  the  case  of 

nrod^cHon  i^-w  h  *°°ff"lJ?  their  actual  value  in  respect,  of  capacity  for  heat 
rrfo  manc^of  experimantal ly  and  expressed  in  relation  to  the 

suWa^on.    nn  n      V  J"^'"''  ^^"'^  Calculated  that  an  ounce  of  the  following 

cSoW.  St  °  combustion,  yields  the  amount  of  energy  expressed  in 

mttPr  240^^^^^^^  252;  lean  beefr  20  ;  bread,  85: 

sua  u  'm  'w'-''^'  VI '  95  ;  "lill^  20;  oatmeal,  124  ;  potatoes,  27  ;  rice,  98 

oEal  Ip'f!?        f  '^'^^'^  sliow  the  amouat  of  energy 

To  be  u  ed  J™"^  ^'^^^/^o^l'  '^^1^  "°fc  the  real  amount  it  actually  furnishes  in  the  bod/ 
lated  and  "Ln  >  ''""''^^^      ^^"^  ^^'^         ^^^^^t  first  be  digested  and  assimi- 

aTsuitab  e  fo  ^^^.^'^^rgy  must  be  generated  at  the  place  and  in  the  way  that 
outi    L  i  1^^'^  ''1^''''^  VOtenM  energy   of  food-stufCs  as  tested 

standards         ^  "'"'^  ^'''^'^  ^'P"'^  to  fix  dietetic 

work^'thfi"?^  one-sixth  of  the  total  available  energy  of  foo  I  is  tr.msferrel  into 
Tf  the  n 'tPnHnI  I'T^  lost  lu  the  form  of  heat.  lu  a  steam  engine  only  jiie-eigUth 
or  ine  potential  energy  in  fuel  is  consumed.  o  j  o 

the  work  o\- m-tHnn"'''"'''  f°^^J;«t^ffs  must  be  in  certain  proportions  to  carry  out 
l.ropTr  d  etup\^^^'''''-P''^l'"  classes  of  food-staffs  are  to  be  represented  in  n 

short  D'>rind  A  ,1  ^I'^^l^  ^'''^^  '^^'■'■y  the  functions  of  the  body  except  for  a 
may  earn- f,nlif^/n!.^  i'^  nitrogen  jus  and  one  of  the  non-nitrogenous  foods 

•would  run  down  time,  such  as  ikd  and  rice,  b:it  ou  such  a  diet  the  stamina  . 

four^d?fl^.w  the  quantity  of  food  required—There  are, 

lour  ditfeienb  methods  of  ascertaining  the  value  ot  a  dietary  :-The 
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chemical,  depending  on  the  nutritive  value  of  the  different  classes  of 
food-stuffs  in  the  diet  ;  the  iihyncal,  which  estimates  the  value  of  the 
food  by  the  actual  amount  of  "heat  produced  when  it  is  completely 
burnt  up— this  calculation  being  carried  out  in  the  chemical 
laboratory;  the  ph,ynoLcaical,  which  is  based  on  the  degree  to 
which  the  food  is  assimilated  or  used  in  the  body  ;  and  the  econoimc, 
that  is,  the  nutritive  value  of  the  food  as  compared  with  the  cost 
(R  Hutchinson). 

Nutritive  and  chemical  value  of  a  diet.- As  previonFly  stated  the  nutritive 
value  of  a  diet  depends  chiefly  on  the  amount  of  carbon  and  nitiO'ieu  it  contains. 

Chemical  Compositions  (approximate)  of  certain  Food  Substances, 


I'ER  CENT.  OP 


Good  meat,*  heef  or 
mutton,  a  little  fat, 
uncooked . 

ATorage  meat*  un- 
cooked. 

Very  fat  meat 

Vea'l 

Fat  pork 

Dried  bacon 

Salt  porkt 

Fork  (medium  fat  ... 
Salt  beef  ••• 
Lamb  (medium  fat^... 
White  fish 
ERgs  ... 

Kew  miiK 

Skim  milk 

Chaese  ... 

Butter  ... 

Bread 

Flour 

Oatmeal  ... 

Bajri  .•• 

Indian  meal 

Dal 

Peas (dry) 
Gram  .•• 
Green  vegetables  .. 

Carrots  ... 
potatoes 
Rice 
gugar 


Water. 

Nitro- 
genous. 

X'  diiuy  • 

75 

20 

O  0 

75 

15 

15 

r>3 

14 

19 

71 

17 

11 

40 

10 

50 

o2 

8 

65 

45 

25 

7 

C.l 

12 

26 

50 

20 

02 

64 

18-5 

15  5 

78 

18 

3 

74 

14 

11-5 

87 

4 

3-5 

90 

4 

2 

37 

33 

24 

G 

0-3 

01 

40 

8 

1  5 

15 

11 

2 

15 

IH 

6 

UH 

1U13 

4-86 

14 

10 

7 

2.5-1.5 

1-26 

15 

32 

'2 

20-70 

3-8fi 

so 

0-2 

05 

85 

0'6 

02 

7-T 

1-5 

01 

10 

5 

08 

3 

Carbo- 
hydra- 
tes. 


Salts. 


GUAINS  PER 

pouNn. 


Nitrogen. 


Carbon. 


50 
70 
65 

71 -70 
65 

59  85 
55 

62-18 
fi 
8-5 
23 
83 
96-^ 


1-5 

190 

3 

4 

1 

2 

"lOO 

44 

25 

'""290 

0-6 

20 

"325 

11 

1 

""200 

1 

0-.^ 

*'"  45 

0-8 

45 

5-5 
2-5 

1-5 

"  "'  90 

1-7 

120 

3 

140 

1-7 

15 

■"■]20 

1-92 

2-5 

"*250 

20 

0-7 

■■*  14 

0-7 

14 

1 

22 

0'5 

70 

1,900 


^percent,  should  be  allowed  for  bono,  and  20  to  30  per  cent 
lost  in  cooking. 

„cw.  onrl  ntber  importnnt  constituents.  The 
t  Milk-sugar  yields  only  800  grains  of  carbon  per  pound. 


4,000 
"i',360 
l"ll5 
'"'875 

"eoo 

450 
3,300 
6,500 

y.ooo 

2,700 
2,800 

'3,000 

'2  7C0 

'4,200 
5,000 
770 
2.700 
3.1(101 

.  more  is 
nutritive 
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This  table  gives  us  a  means  of  ascertHiniiig  to  what  extent  a  given  scale  of 
food  answers  to  th''  requirements  of  a  suitable  dietary  in  any  particular  case 
From  it  also  we  can  construct  a  dietary  that  will  meet  tlie  conditions  required 
under  different  forms  of  work.  For  example,  warn  we  to  enquire  how  far  a  diet  oi, 
say,  2  poimds  of  bread  and  8  ounces  of  chuese  fulfils  the  requirements  of  a  die« 
for  moderate  work,  the  chemical  basis  would  be  as  follows  :— 


100  oz.  bread  contains 
Therefore  32  oz.  contain 
l(iO  oz.  cheese  contains 
Therefore  8  oz  contain 
Whereas  the  theoretical  amounts 
required  for  moderate  work  are 

32  ozs.  of  bread  and  8  ozs.  of 
cheese  contain. 

Hence  such  a  diet  is  sufficient  as  regards  proteid  matter  and  carbo-hydrates, 
but  wanting  in  fat. 

We  may  make  the  same  kind  of  calculation  from  the  actual  amount  of  Carbon 
and  nitrogen  in  the  different  articles  of  diet,  for  example : — 

Niiroo;en. 


Proteid. 

Fat. 

Carbo-hydrate. 

oz. 

oz. 

oz. 

8 

li 

50 

2-5 

0-5 

16 

33 

24 

0 

2-6 

1-9 

0 

4-5 

3 

15 

5 

2-4 

16 

1  pound  bread  contains 
Therefore  2  pounds  contain 
1  pound  cheese  contains 
Therefore  8  ounces  contain 

32  ozs.  of  bread  and  8  ozs.  of 

cheese  contain. 
The  theoretical  amounts  of  carbon 

required  for  moderate  work  are 


Grains. 

90 
180 
300 
150 

330 


300 


Carbon. 
Grains. 

2,000 
4,000 
3,800 
1,650 

5,600 


5.000 


Hence,  if  we  leave  out  of  consideration  the  differences  between  fats  and 
carbo-hydrates,  the  diet  more  than  satisfies  requirement  as  regards  nitrogen  and 
carbon. 

In  the  same  way  civen  a  full  table  of  the  percentage  composition  in  proximate 
principles  of  the  indigenous  food  products  of  India,  we  can  readily  calculate 
an  approximate  diet  for  any  class  of  persons  (Native  soldiers,  prisoners,  etc.),  if  we 
are  acquainted  with  the  amount  of  work. the  men  are  required  to  carry  out. 

Ke<>ardingtho  chemical  investigation  of  diets  the  best  authorities  consider  th« 
following  quantities  of  the  different  classes  of  food-stuffs  necessary  for  the  adult 
man  of  ordinary  size  during  rest,  moderate  work  and  hard  Avork. — 


Nature  of  work. 


Rest 

Moderate  work 
Hard  work 


Nitrogenous 
food. 

Carbo- 
hydrates. 

Salts. 

Fat. 

Such  a  oiet 
would  contain. 

Nitrogen. 

Carbon. 

oz. 
3 
4i 
6^ 

oz. 

I'i 
15 
18 

oz. 
1 

H 
i-i 

oz. 

H 
.s 

Grains. 

200 
SOO 
400 

Grains. 

4,000 
5,000 
6,000 

The  amounts  represent  ounces  of  dr?/  (water-free)  food-stuffs.    The  nitrogen 
-for  hard  work  is  probably  in  excess,  whilst  the  carbon  for  hard  work- is  probublv 
less  than  is  required.  * 
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From  this  ta1)le  we  notice  that  a  liealthy  adult  man  during  moderate  woric 
req  lives  4'5  ounces  of  nitrogenous  or  proteid  niiiterial  (in  the  form  of  meat ,  egi,'s,  fish, 
dal.  etc.),  i!  ounces  of  fat  (butter,  ghee  vegetable  oils  etc.),  and  15  ounces  of  starch 
(bread,  rice,  etc.),  and  about  an  ounce  of  suit ;  this  is  equnl  to  from  23  to  24  ounces  of 
dry  food,  and  equivalent  to  about  300  grains  of  nitrogen  and  5,000  grains  of  carbon. 
To  this  in  an  ordinary  diet  we  may  add  3  to  4  pints  of  water. 

A  perfect  food  is  one  that  contains  the  riglit  proportion  of  tlie 
substances  needed  by  the  body  for  the  production  of  energy  and  heat, 
and  for  the  repair  of  waste  and  building  up  of  new  tissue.  Hence  it 
is  that  with  a  proper  mixture  of  the  diiferent  Lcinds  of  food  stuffs,  or 
a  mixed  diet,  the  human  system  can  best  carry  ou  its  nutritive  pro- 
cesses in  the  most  economical  way. 

The  physiological  requirements  of  tiie  body  demands  a  ratio  of 
1  part  of  nitrogen  to  15  or  l()  parts  of  carbon.  Hence  as  the  food-atnfifs  are 
blended  in  proportions  different  lo  these,  a  mixture  of  them  is  required 
to  get  these  proportions.  This  mixture  may  be  of  animal  and  vegetable 
.  food-stuffs,  or  of  food-stuffs  derived  entirely  from  the  vegetable  king- 
dom. 

Estimation  of  mecliaTiical  work  done  by  the  body.-In  e^^timating  the 

work  done  bv  the  body  ^ve  take  into  i.cconnt  the  work  done  by  the  muscles  of 
Aspiration  and  circulation,  rs  well  ae  the  more  visible  work  of  locomotion,  etc. 
The  force  exerted  in  breathing,  nnd  in  the  action  ot  the  heart  -er  day  in  an  adult  is 
equal  to  about  260  foot  tons  ;  this  is  the  internal  ivork  ol  the  body. 

Surnase  we  were  estimating  the  amount  of  worlc  done  in  locomotion.  Here  we 
have  1  Icewise  to  include  the  actual  weight  carried.  Walking  along  a  level  road  at 
thrra  e  of  3  mil.s  an  hour  is  considered  to  be  e^u  il  to  clnnbmg  yertica  ly  ^,th  of 
Se  distance  t^^^velled  ;  if  at  the  rate  of  4  miles  an  hour,  it  ,8  equal  to  ,',th,  5  miles 
an  hour,  ^'^th,  and  so  on. 

From  this  it  is  possible  to  calculate  the  amount  of  physical  work  done 
SnnnoseTman  weic^hiiig  ^V   pounds  carries  a  load  of  W  pounds  on  a  level  road 
?oTd  feeT  at  t!i,e  rat"e  of  3  miles  nn  hour,  the  energy  exerted    is  equal  to 
 (W-t-W)D.  _  ^  foot  tous. 

20x2210  (lbs.  in  a  ton) 

If  for  instance  a  man  weighing  1 50  pounds  carries  a  load  of  60  pounds  on  a 
level  Joidfr20m^^^^^^  Smiles  an  hour,  the  work  done  is  equal  to 

(1.50+60)_xjoi'80>'20)  _  500  foot  tOUS. 

20x2240  .      ,  .       ,    ,         .   ,  ^ 

duced  m  the  body.    The  value  ot  ^^^^^^       r^i^p  diet  of  an  adult  m;in  doing 

its  physical  equ-alent  as  heat  o^^^^^^^^  ^^^^  ,he  bod/, 

moderate  work  shouL  j  lelcl  ^iimc  e"c  "  e    y  average  required 

500  grammes  of  cr.rbo-hydrate,  and  50  of  fat. 

The  potential  e„e,„  o' «>V»,"J 'f^c»^;°„^'»otlS^^^      l^fdS.'e'' wk. 
¥hV;tlS'o'sl"°Ste1  S^tlX^tt  T'e9'fli\„  other  w.ys,  besiaes  tU, 

Do.  *'at       ...  •••   , 


*  One  gramme==15^  grains. 
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Multiplying  the  percentage  of  proteid  and  carbo-liydrate  wliich  a  food  contains 
by  4-1  and  the  fat  by  9'3  gives  the  total  calories  per  lOO  parts  of  the  food  in  question. 
Thus,  100  grammes  of  milk  contain  5^  of  protelds,  4  of  fat,  and  G  of  carbo-hydrate, 
the  calories  of  the  proteids  would  be  8'2,  of  the  fat37'2,  and  of  the  carbo-hydrate 
2i  G,  or  a  total  of  70'0  per  100.« 

The  standard  diet  scale  mentioned  yields  carbon,  nitrogen  and  calories  as 
shown  in  the  following  table  :  — 


Carbon 
grammes. 

Nitrogen 
grammes. 

Calories 
grammes. 

Proteid,  125  grammes 

62 

20 

512  5 

Carbo-hydrates,  500  grammes... 

200 

2050 

Pat,  50  grammes 

S8 

465 

Total 

300 

20 

3027-5 

ounce?oTdry  foX''  °'  P^^^i^^' ^'^  of  fat,  and  18  of  carbo-hydrate= 


=24-9 


Por  a  person  doing  no  physical  work  (diet  of  rest)  a  diet  eo'iivalenf  to  9  ^nn 
calor.es  xs  required;  tor  moderate  work  3,120  calories  \nd  for'K  laCoJr  ^ 

In  all  these  calculations  the  food-stuffs  are  assumed  to  be  dry  or 
complete  y  free  from  water.  The  daily  food-stuffs  used,  however,  contain 
at  east  their  own  weight  of  water,  so  that  the  solid  bod  would  have  a 
weight  of  40  to  50  ounces.  la  addition  to  this,  the  aduit  iuan  drTnks 
from  50  to  80  ounces  of  liquid  daily.  A  man  consumes  about  X  o  hi 
weight  as  dry  sohd  food  and        of  water  daily.  ^ 

The  figures  showing  the  quantities  of  proximate  principles  in 
standard  diets  such  as  these  are  to  a  large  extent  arrived  at^eS  callv 
or  by  experience  and  observation  as  to  what  amount  of  fS S 
bodies  of  persons  have  been  in  the  habit  of  taking.  It  is  accenLd  tiS 
the  use  of  these  standards  is  sufficiently  extended  to  waS  n^^ 
opinion  that  the  quantities  stated  of  the  different  fond  ...  ^ 
actnally  taken,  and  are  those  demanded  iuTe^tll^^'/r^l"^ 

Typical  diet  standards  to  be  treated  as  rough  averages  onlv 

Typical  diet  standards  must  not  be  considered  as^  rnore  S  ^  r^^^^^^ 
average  of  what  IS  necessary  for  a  man  in  the  course  of  l  e  day 
the  diets  of  different  nations  we  know  there  is  great  variation  from  tt 
above  standards  without  producing  ill-effects:  ^ 

*  WuiTLmaB,  Hygiene  and  PiMic  Umlt/i,  p,  03.  — 
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Knowing  the  actual  composition  of  food-stuffs  as  regards  their  per- 
centages of  proximate  principles,  it  is  comparatively  easy  to  work  out 
a  diet  table  for  the  different  conditions  of  light,  moderate,  and  heavy 
work. 

Scale  of  rations  of  soldiers.— All  officers  of  European  and  Native 
regiments  are  familiar  with  their  men's  dietaries  in  peace  times,  and  have 
a  general  idea  of  diets  on  field  service.  The  scale  of  the  latter  varies 
in  different  campaigns. 

Peace  time  ration  for  European  troops.— The  usual  daily  allow- 
ance for  European  troops  in  peace  times  in  India  is :  — 

Meiit  with  bone  ...  ...  ...  ••.    16  ounces  daily. 


Bread 

Potatoes 

Rice 


16 
16 
4 

2-5 


Sugar  -  -  -  - 

Tea  —  •••  •••  ••• 


Salt 


...  0-66 
Total  55-87 


In  this  diet  there  are  :— 

NitrocTon   .^5fi-5  grains 


Carbon 


4,503 


These  articles  are  provided  by  the  Supply  and  Transport  Depart- 
ment There  are,  of  course,  purchases  made  by  the  men  in  the  form  of 
extra' bread,  fish,  eggs,  cheese,  butter,  etc.,  which  brings  this  ration  up 
to  the  standard  necessary  for  health.  The  chief  deficiency  is  in  vegeta- 
bles, which  are  specially  difficult  to  get  in  the  hot  weather. 

The  weights  of  the  different  articles  of  rations  are  for  the  uncooked 
material  except  bread.  Bread  is  weighed  cold  when  it  is  lighter  than 
when  first  taken  out  of  the  oven.  Meat  is  issued  in  .pints  in  bulk 
f^  companies  or  sections.  The  available  meat  from  an  animal  m  good 
conditTon  is  more  than  half  its  live  weight,  that  from  one  m  poor 
conditio^  is  less  than  half.  Losses  arise  from  bone  and  from  shrinkage 
in  cooking. 

The  niitritiTe  value  of  the  In'lian  scMe  of  Government  ration  is  2  636  calories 
ThH  nu\ri"ive  value  '>f  the  supplemented  food  in  messes  vanes,  as  does  also  that 
procured  by  individual  men  on  their  own  account. 

The  following  is  a  detail  of  what  was  actually  consumed  by  a  soldier  in  India:- 

bread,  4  ounces. 
rea-Currant  cake,  5  ounces ;  tea  and  8"gai'- 
Sj'pper"  curried  fish,  4  omices  ;  bread,  3  ounces. 

The  weights  given  are  those  of  the  cooked  food    This  n^^^^^^^^ 
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that  he  is  well  fed  »  There  are  of  course  great  differences  in  different  regiments 
and  in  different  individuals.  In  some  regiments  the  feeding  is  more  elaborate,  in 
others  less  so.  Some  men  are  naturally  large  eaters,  others  smull.  The  quality  of 
the  food  issued  to  the  men  in  India  is  on  the  whole  good,  finned  food  is  not  issued 
in  peace  times. 

Rations  of  European  troops  on  field  service.— For  all  troops  on 
active  service  the  scale  of  diet  is  fixed  according  to  the  climate  and 
circumstances  of  the  expedition.  The  following  scale  per  diem  is 
adopted  as  far  as  possible : — 

Meat,  fresh,  salt  or  preserved,  16  ounces;  bread,  20  ounces,  or 
biscuit  16  ounces,  or  flour  16  ounces  ;  tea  jounce;  coffee  ^  ounce  ; 
sugar  -2  ounces  ;  salt  |  ounce ;  pepper  ^  ounce ;  fresh  vegetables  (when 
procurable)  8  ounces,  or  compressed  vegetables  1  ounce. 

Half  an  ounce  of  lime-juice  with  |  ounce  sugar,  and  2^  ounces 
rum  is  issued  when  ordered  by  the  G.  0.  C.  on  the  recommendation  of 
the  P.  M.  0.  of  the  force.  Under  all  circunastances  the  food-supply  in 
the  field  should  be  liberal  and  all  articles  should  be  provided  by  the 
Supply  and  Transport  Department.  It  would  probably  be  a  good  plan  to 
have  the  supply  under  two  headings,  the  "  usual  "  and  the  "  extra  " 
articles,  the  latter  being  intended  for  special  occasions,  such  as  forced 
marches,  rapid  movements  far  from  the  base  of  supplies,  etc.  The  usual 
ration  ought  not  to  contain  less  than  375  to  400  grains  of  nitrogen. 
The  following  is  suggested  as  a  liberal  and  varied  war  ration  which  could 
be  easily  supplied  under  ordinary  circumstances  : — 

...  H  lb. 
...  1  lb. 
...    3  ounces. 
...    1  lb. 
...    2  ounces. 
...    2  „ 
...    2  „ 
...    i  ounce. 

•••  )) 
...  1 

...  i 

...    1  pint. 

The  nutritive  value  of  this  diet  is  :  — 

Froteids     ...  ...  ...  ...  ...  5-6  ounces. 

Fats  ...  ...  ...  ...  3'43  „ 

Carbo-hydrates  ...  ...  ...  ...  36-0  ,, 

Salts  ...  ...  ...  ...  ...  1.37  „ 

and  it  is  equal  to  410  grains  of  nitrogen  and  5,000  grains  of  carbon. 

The  extra  articles  would  be  kept  in  readine.es  for  occasional  issue — 
these  would  consist  of  Australian,  New  Zealand,  or  other  tinned  meat, 
the  best  procurable  in  the  market ;  extract  of  meat,  pea  and  beef 


Bread 

Fresh  meat  (Avithout  bone) 
Peas  or  beans 

Potatoes  and  green  vegetables  ... 

Cheese 

Bacon 

Sugar 

Salt 

Pepper 

Ground  coffee 

Tea 

Beer 


NoTTER  and  Firth, |Z/teor!/  and  Practice  of  Ilyyiene,  3rd  Kd  ,  p.  901. 
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sausages,  biscuits,  flour,  meat,  rice,  lime-juice,  preserved  vegetables, 
rum  and  vinegar.  "  This  plan  supposes  that  the  usual  scale  of  diet 
would  be  issued  to  the  troops,  and  the 'extra  '  articles  uuder  certain 
conditions  and  order  of  the  Gfeneral  of  the  Division  "  No  spirit  ration 
should  be  given  except  under  the  special  order  of  the  Cj.  0.  C's  of 
Divisions, 

The  scale  of  ration  fixed  for  a  campaign  is  in  reality  not  always 
what  the  men  receive,  as  there  are  many  accidents  in  fighting  which 
interfere  with  adherence  to  it.  The  standard  given,  however,  is  what 
should  be  aimed  at. 

The  average  amount  of  external  work  of  a  soldier  at  ordinary  work 
(parades  and  fatigues)  is  5(i8  calories,  therefore  the  total  heat  value  of 
his  food  should  not  be  lower  than  six  times  this,  that  is,  about  3,050 
calories.  For  a  man  on  field  service  or  on  manoeuvres  the  energy 
required  from  the  food  is  about  3,500  calories. 

Scale  for  European  troops  during  Thibet  Mission.— The  field 
service  diet  is  modified  to  suit  the  local  conditions  of  the  campaign. 
In  Thibet,  for  instance,  the  scale  for  British  troops  consisted  of  :— 

Bread 

Fresh  meat  (inclusive  of  bone) 
Fotatces  12  oz. 
Mi.ved  vegetables,  4  oz.  ... 
Bice 
Tea 
Sugar 
Salt 
Fuel 
I'epper 
Jam 

In  lieu  of  1  lb.  of  fresh  vegetables  the  following  could  be  issued  :  — 

Potato  chips-   ...  ...  ...  -    3  oz.  daily, 

Ficisles  ...  •••  ■••  ■■•    1    >'  " 

Pickle  vinegar  ...  ...  ■••    i    n  n 

The  daily  ration  of  each  officer  and  man  in  the  Ashanti  Expedition  (189-5-96) 
■was  •-Bread,"li  lbs.,  or  biscuit,  H  lbs. ;  fresh  meat,  li  lbs.,  or  preserved  meat,  lib.; 
tea  i  ounce  ;  cocoa  paste,  1  ounce  ;  dried  onions  or  compressed  vegetables,  1  ounce  ; 
preserved  potatoes,  1  ounce  ;  sugar,  3  ounces  ;  salt,  3  ounces  ;  pepper,  ounce. 

In  the  1898  Khartoum  Expedition  the  European  soldier's  rn ti on  was  :- Fresh 
TTiPit  U  lbs  or  preserved  me:t,  I  lb  ;  bread,  Ulbs.,or;biscuit,  1  lb  ,  tea,  i  ounce.;  cofEee, 
A  ounce  or 'I'o.oa-paste,  1  ounce  ;  su-ar,  3  ounces;  salt,  i  ounce;  pepper.  ,V  ounce  ; 
dried  onions  2  ounces,  or  compressed  vegetables,  1  ounce  or  fresh  vegetables  1  ounce 
o?  beans  Bounces;  p;e5erved%otatoes,  1  ounce;  rice  2  ounces  ;  lentils,  1  ounce 
The  ration  for  Native  troops  (Egyptian)  was  :-Bread,  biscuit,  or  flour  1  lb. ;  meat, 
fresh  or  preserved,  i  lb. ;  cofJe^  i  ounce  ;  sugar,  2  ouuces  ;  salt,  i  oun^e. 


1:^  lb.  daily. 
1 1 

1  lb. 

2  oz.  three  times  a  week. 
I  oz.  daily. 

2.ioz.  ,, 
^oz. 

3  lbs.  „ 
i  oz.  „ 
1  tin  ,, 
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Meat,  aud  bread  or  biscuit  form  the  staple  articles  of  food  of  all  European 
armies  in  the  field.  Little  effort  has  been  made  to  utilise  such  excellent  and 
nutritious  articles  as  oatmeal  and  cheese.  Eight  ounces  of  uncooked  preserved  meat 
are  ample.  An  excess  of  indigestible  meat  is  answerable  for  much  of  the  constipa- 
tion and  diarrhcea  on  field  service.  The  field  service  food  is  very  concentrated,  and 
without  that  mass  which  stimulates  the  bowels  to  normal  activity.  After  a  few 
months  on  field  service  the  men  have  a  craving  for  sugar,  starch,  fruit  in  the  form 
of  jam,  bread  and  butter. 

Rations  of  Native  troops  in  peace  times.— In  the  Native  Army 
in  peace  times  each  regiment  whilst  adhering  to  the  Regulations  fairly 
approximately  regarding  the  staple  articles,  has  its  own  scale  of 
diet,  which  is  as  a  rule  fixed  only  as  to  the  minimum  quantity  of  the 
staple  articles,  beyond  which  they  are  permitted  to  use  whatever 
articles  of  diet  they  fancy.  One  is  very  much  disposed  to  recommend 
that  certain  standard  scales  should  be  laid  down  for  men  of  different 
castes  and  provinces,  these  standards  to  be  carefully  worked  out  on  the 
basis  of  the  proximate  principles  of  food-stuffs,  due  consideration  being 
given  to  climate,  season,  locality,  a  sufficiency  of  vegetables,  and  variety 
in  the  food. 

The  general  scale  of  rations  laid  down  in  the  Regulations  for  the 
Native  Army  in  peace  times  is : — 

Flour  or  rice  ...           ...           ...            ...  2  lbs. 

Bal  ...            ...            ...            ...  4  oz. 

Ghee  ...            ...            ...            ...  2  ,, 

S'iJt    f  „ 

Provisions  purchased  for  Native  troops  and  followers  must  invariably 
be  surveyed  by  committees  of  Native  Officers,  and  should  be  of  the 
quality  usually  consumed  by  the  class  of  man  for  whom  they  are 
intended. 

Scale  of  rations  for  Native  troops  on  field  service.— For  the 

Native  Army  and  followers  the  scale  of  diet  on  field  service  is  fixed 
previous  to  entering  upon  each  campaign. 

Thibet  -In  Thibet  the  ration  for  Native  troops  and  followers  was  identically 
the  same,  and  consisted  of  :— 

^to  or  rice      ...  ...  ...  l|  lbs. 

...  ...  ...  ...  4  oz. 

Ohee               ...  ...  ...  ...  2  „ 

Gwr  (jaggery)  ...  ...  ...  ...  i  „ 

Salt                ...  ...  ...  ...  4 

Tea                ...  ...  ...  ...  1 

Chillies    ...  I 

Turmeric         ...  ...  ...  ...  j 

garlic             ...  ...  ...  ...  J 

ginger            ...  ...  ...  ...  ^ 

fuel               ...  ...  ...  .„  i|  it,. 

Meat  (mutton  or  goat  flesh,!  no 

inclusive  of  bone)  ]  •••  28  oz.  weekly. 

v4^/a-eating  men  had  the  option  of  drawing  half  a  pound  of  rice  instead  of 
similar  quantity  of  alta,  or  via  versd.  An  issue  of  rum  1  oz.,  or  tea  4  oz.,  imd  our 
1  oz.,  per  man,  was  occasionally  mudo  during  specially  inclement  weather  to  units 
employed  m  load-making  or  other  hard  work. 
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The  absence  of  a  reliable  antiscorbutic  in  the  rations  of  Native 
troops  and  followers  is  still  a  general  defect  calling  for  remedy. 

In  later  campaigns  onions  and  nmchur  (sliced  and  dried  mangoes)  and  imli 
(dried  tamarind  pulp)  h.ive  been  val'iablc  additions. 

Followers'  rations  usually  deficient — As  a  rule  the  general  ration 
of  the  follower  has  been  deficient  in  quantity  — it  should  be  the  same  as 
that  of  the  Native  soldier,  considering  the  amount  of  work  most  followers 
are  called  upon  to  perform. 

With  European  troops  for  rapid  movements  when  concentrated  and  cooked  foods 
are  required,  the  use  of  pea  and  flour  sausages,  erbswurst,  meat,  biscuits  and  other 
forms  of  so-callod  emergency  rations  are  the  best  to  use.  Various  types  of  these  pre- 
parations have  been  sugyested,  but  in  this  connection  one  would  urge  that  a  greater 
consideration  might  be  given  to  the  fact  that  both  cheese  and  bacon  are  articles  of 
food  of  high  nutritive  value,  and  they  should  be  supplied  by  food  purveyors  in  a  form 
convenient  for  field  service. 

Rations  of  the  French  soldier.— Under  the  present  Reguhations,  in  time  of 
peace  Governm'^nt  furui-shes  the  meat  for  the  soldiers"  rations  at  about  35  per  cent, 
under  market  price.  The  State  also  furnishes  bread  [pain  cle  inunition)  and  fuel ;  the 
white  bread  (pam  desoupe),  as  well  ns  other  articles,  are  bought  from  the  funds  of 
the  ordinaire,  or  common  fund  of  ihe  company,  battery,  or  squadron.  If  biscuit  is 
issued,  19'4  ounces  are  given  instead  of  bread.  If  salt  beef  is  used,  8  ounces  are 
issued,  or  7  ounces  of  salt  pork.  Haricot  beans  form  the  chief  part  of  the  dried 
vegetables. 

In  Algiers  the  ration  consists  of  bread  26-5  ounces,  and  8'8  ounces  for  soup,  or 
biscuit  643  grammes.  The  meat  is  thn  same  as  above  ;  60  grammes  of  rice  and  15 
grammes  of  salt  are  issued,  and  on  the  march  sugar,  coffee,  and  ^  litre  of  wine. 

In  time  of  war  the  normal  ration  is  as  follows :— Bread  26  5  ounces,  or  biscuit 
21  ounces,  rice  2  ounces  or  dried  vegetables  2  ounces,  salt  f  ounce,  sugar  I  ounce, 
coffee  h  ounce,  fresh  meat  ]4  ounces,  fat  or  laid  2  ounces,  condensed  soup  2|  ounces, 
When  fighting  is  actually  going  on  and  great  exertion  is  demanded  from  the  soldier 
the  ration  is  increasnd  by  the  following  additions :  -Rice  3.^  ounces,  sugar  1  ounce, 
coffee  f  ounce,  fresh  meat  17  5  ounces,  preserved  meat  8'8  ounces. 

Rations  of  the  United  States  soldier.-The  daily  ration  in  the  United  States 
Army  in  peace  time  is  as  follows  ; — 

Ounces. 

Fresh  beef,  20  ounces,  or  salt  beef  ,.,  ...            ■■•  22-00 

Or  pork  or  bacon            ...             ...  ...            -•  H'^? 

Bread  or  flour  ...            ...            ...  ...            •••      J°  j^O 

Potatoes         ...             ...             ...  -            -  lo'"^ 

Peas  or  beans  ...            ...            ...  •••            •••       f'  fx 

•••     "  I'o" 
2-40 


Rice  ...  •••  •••  ••• 

Sugar  ...  ...    ••• 

Coffee  (raw)    ...  ...  ...  -  - 

Salt  ...    02o 

Rations  of  the  German  soldier  in  peace  time  :— 


Larger  Ration, 
„     ,,     T,  . .  as  supplied  for 

Smaller  Ration.     Camps,  Marches, 

etc. 

Ounces."-  Ounces. 

Bread  ......    -  ^ff. 

Meat  (raw)      ...    '^^^ 

Or  bacon         ...  •.•     .        •-•  o.oo 

Or  smoked  meat  (only  in  war  time)  ...         ...  « 

Rice  ...  -  -  24  600 

Or  groats         ...  ^  *n 
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Smaller  Ration. 


Or  peas  or  beans 
Or  potatoes 
Salt 

Roasted  coffee    (exceptioually— ouly  iu 

war  time). 
Brandy 
Or  Beer 
Or  VVine 
Butter 
Tobacco 

The  daily  war  ration  is  now  as  follows  :— 
Bread 

Fresh  or  raw  salt  beef 

Or  smoked  beef,  mutton,  ham,  bacou, 

or  Sausage. 
Rice  or  ground  barley 
Or  peas,  beans,  or  flour 
Or  potatoes 
Salt 

Coffee  roasted 
Or  raw  coffee 


0 


unces. 
8-12 
5.3'00 


Larger  Ration, 
as  supplied  for 
Camps.  Marches, 
etc. 

Ounces. 
1200 
"71-00 

0-  88 

1-  41 

353 
53  30 
17-65 

1-76 

1-41 


26-SO 
13  25 
8-82 

4-41 
8-83 
53'0O 
0-90 

0-  90 

1-  00 


Dismounted  troop.s  and  field  and  horse  iirtillery  carry  irou  rations  for  three 
days  cava  ry  for  one  day  ;  the  dismounted  carrying  it  on  their  persons,  the  cavalry 
on  the  sacldle,  and  the  artillery  on  their  carriages.  An  iron  ration  consists  of 
J  ounces  biscuit.  7  ounces  preserved  meat  (or  6  ounces  bnconi,  3^  ounces  preserved 
v-e«etables.  I  ounce  of  coffee,  and  f  ounce  salt  ;  the  total  weight  witn  th^ packing 
nn?!  ?c°""  1  This  IS  a  very  meagre  diet  intended  for  short  periods  only, 

in  1 2h°u''  '''''^'■'^^^  conviction  that  there  are  few  parts  of  Europe 

in  which  It  could  not  be  supplemented.  ^"i^i^o 

Rations  of  the  Austro-Hungarian  soldier  :-The  peace  ration  consists  of 


Bread 
Or  biscuit 
Meat  ,„ 
Suet 

Wheat  flour  „, 

Or  legumes 

Or  groats 

Or  millet 

Or  pearl  barley 

Or  potatoes 

Or  rice 

Sauer-kraut  ... 

The  war  ration  consists  of ; 
Biscuit 
Flour 
Beef 

Or  salt  meiit 
Or  bacou 
Peas 

Or  groats 
Or  potatoes 
Or  Sauor-kraut 
Suet 


Ounces. 

30-88 

1765 
6-71 
0-62 
6-57 
2  47 

4-  94 

5-  29 

4-  02 
19-V7 

3-71 

5-  54 


3-  53 

25-20 
9-88 
6-00 
6-00 
0-29 

4-  94 
8'S2 

5-  54 
1  06 
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Rations  of  the  Russian  soldier The  daily  scale  of  ratioa  for  a  soldier  iu 
time  of  tvar     :  — 

Biscuit           ...  ...  ...  ...    1  lb.  13  oz.  (ot  flour,  or 

bread  as  in  peace). 

Fresh  meat      ...  ...  ...  ...   7^  oz.  or  3f  oz.  ham. 

Groats           ...  ...  ...  ...   4*  oz. 

Salt               ...  ...  ...  ...     i  „ 

Tea                ...  ...  ...  ...     I  „ 

Sugar             ...  ...  ...  ...     5  „ 

Spirits            ...  ...  ...  ...  0-27  pint. 

Rations  of  the  Japanese  soldier.— The  daily  ration  in  peace  consists  of  rice  36 
ounces  iu  bulk,  and  6  sens  for  the  purchase  of  beef,  chicken,  pork,  or  fish  and  vege- 
tables, tea,  pepper,  mustard,  and  miso  (a  kind  of  bean  or  peas  flour). 

The  daily  field  ration  consists  of  :  — 

A . — Daily  insue. 

Rice  funcooked)            ...  ...  ...  1  nuart  or  about  2  lbs. 

Tinned  meat  or  fish        ...  ...  ...  §  lb. 

Dried  vegetables           ...  ...  ...  i  lb 

Pickles           ...             ...  ...  ...  2oz. 

Sauce  (801/0)    ...            ...  ...  ...  1  k 

Bean-meal  (jiiiso)  sauce    ...  ...  ...  1  n 

Salt                ..             ...  •••  •••  h  M 

Sugar            ...            ...  ...  •••  i  » 

Tea               ...              .  ...  •••  7  ). 

D. — Periodic  issue. 

/S'aAd  {Japanese  spirit)      ...            ...  ...  i  litre  or  i  pint. 

Fresh  meat      ...            ...            ...  .••  1  lb.  with  bone. 

Cigarettes        ...            ...            ...  •••  20 

C — Irregular  issue, 
Japanese  cake  ...  ...  ...  •••      ^  lb. 

Fresh  fruit      ...  ...  ...  •••      2  or  3  peaches,  apples 

"  .  or  oranges. 

The  rice  ration  is  usually  two-thirds  rice  and  one-third  barley.  The  pickles  are 
either  pickled  plums  or  mixed  vegetables. 

The  preserved  vegetables  contain  cooked  potatoes  in  slices,  carrots,  sliced 
uumpkin  and  beans.  Tea  and  salt  are  issued  in  tablets  and  cubes.  The  biscuit  is 
made  of  wheat,  rice,  and  a  little  millet,  which  is  supposed  to  keep  it  from  getting 
hard  At  the  canteen  the  soldier  can  procure  saki,  tobacco,  and  a  very 
fttvourile  sweet  biscuit.  Each  man  cooks  his  own  rations  ;  only  in  the  artillery 
are  two  laro-e  iron  cooking-pots  per  battery  in  use.  When  tlie  Japanese  captured  the 
excellent  mobile  field  kitchens  of  the  Russians,  they  used  them  for  the  boiling  of 
driiikino-  water  •  otherwise  each  man  had  to  boil  his  own  drinking  water  in  his 
coDuer  kettle.  An  average  of  2  ounces  of  8ak6  was  allowed  to  each  man  in  the 
Japanese  Army  in  Manchuria  as  an  extra  under  strict  superintendence  of  the 
medical  officers. 

During  the  early  part  of  the  Russo-Japanese  war,  when  the  staple  article  of  diet 
was  rice  only,  the  number  of  cases  of  beri-beri  increased  ;  when  rice  with  barley 
and  an  increase  in  the  quantity  of  meat  were  issued  the  disease  decreased  rapidly. 
At  the  seige  of  Port  Arthur  none  of  the  Naval  Brigade  got  beri-ben,  although 
tliere  were  mnnv  cases  amongst  those  besieging  it  from  laud;  but  the  sailors  got 
lib  of  meat  10  ounces  of  barley  and  20  oimces  of  rice  daily,  which  seems  to  show 
that  one  of  the  factors  causing  a  susceptibility  to  beri-beri  is  deficiency  of  nitrogen- 
ous food,  with  an  excess  of  caibo-hydrates  (starchy  foods;. 

A  eood  supply  of  food  was  procured  in  addition  to  the  personal  rations  When 
men  woiked  over  8  hours  a  day  they  were  given  an  extra  ration  of  about  12  ounces 
oTx^cp  and  one-third  of  the  biscuit  ration.   The  issue  ot  24  ounces  ot  rice,  and 
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12  ounces  barley  was  made  compulsory  to  preveut  beri-beri.  In  summer  ahout  an 
ounce  of  vinegar  was  mixed  with  every  75  lb.s.  of  rice  to  preveut  it  from  decom- 
posing. In  winter  wlien  the  food  froze  readily,  a  piece  of  flannel  was  issued  to 
soldiers  to  wrap  their  mess  tins  up  in.  .As  far  as  circumstances  allowed  soldiers 
were  ordered  to  cook  their  own  rice  in  their  own  mess  tins— and  there  were  there- 
fore  very  few  complaints  regarding  food  among  the  soldiers.  We  have  previousiy 
remarked  that  the  Japanese  used  Refreshment  Stations  almost  throughout  the 
campaign,  some  of  which  were  not  remote  from  the  fighting  line.  They  were 
found  most  useful. 

Coffee  shops. —Coffee  shops  with  European  troops  on  field  service 
may  be  a  source  of  convenience,  comfort  and  much  usefulness  in  many 
ways,  if  thoroughly  organised  and  regularly  supervised  by  regimental 
officers ;  but  in  the  usual  way  they  are  run  they  may  be  a  serious 
source  of  disease,  under  which  circumstance  they  are  to  be  condemned 
as  field  institutions.  If  thoroughly  supervised  by  competent  and  res- 
ponsible officers,  they  are  a  great  acquisition  ;  otherwise  they  should 
not  be  permitted  to  exist. 

OflBcers'  messes — To  all  officers  of  units  one  would  emphasise 
the  necessity  of  equipping  and  stocking  their  messes  as  liberally  as 
the  conditions  of  the  campaign  permit,  especially  as  regards  quality, 
quantity  and  variety  of  plain  and  wholesome  food-stuffs.  A  little 
extra  expense  in  this  matter  is  an  economy — with  the  advantages  of 
a  good  larder  the  officer  keeps  fitter,  is  more  resistant  to  disease,  is 
better  able  to  rough  it  whenever  it  is  necessary  to  do  so,  and  to  cope 
with  all  contingencies.    The  same  applies  to  all  staffs  in  the  field. 

K.— The  Emergency  Eation, 

Concentrated  foods,  and  "  iron  "  rations.— Celerity  of  movement 
in  modern  warfare  is  of  great  importance,  and  when  sufficient  and 
proper  transport  for  supplies  is  not  available,  or  serves  to  hamper  and 
delay  troops,  the  problem  of  concentration  of  the  rations  of  the  soldier 
sufficiently  to  enable  him  to  carry  enough  for  a  limited  period  has  to  be 
faced.  Much  thought  and  some  experimentation  has  been  devoted  to 
the  solution  of  this  question,  particularly  since  the  results  attributed  to 
the  use  of  Erbswurst  in  the  Franco-Russian  War.  Yet  the  problem  has 
not  been  solved  definitely— an  emergency  ration  suitable  in  every 
respect  is  still  wanting  in  our  Army.  There  are  a  large  number  of 
iron  rations  "  of  different  armies  now  on  the  market,  which  consists  of 
various  meats,  vegetables  and  peas  sausages,  meat  powders  meat 
biscuits,  concentrated  soups,  meat  extracts,  and  different  rations  made 
up  01  two  or  more  preserved  food-stuffs. 

Essential  qualities  of  a  good  emergency  ration.— An  emereencv 
ration  should  be  as  light  as  possible  consistent  with  serving  its  purooses— 
haying  the  largest  value  as  a  food  with  the  least  possible  bulk  and 
weight.  It  should  not  be  too  sudden  a  change  from  the  food  to  whinh 
the  soldier  is  accustomed,  otherwise  the  digestive  system  will  be  di\ 
turbed,  and  this  at  a  time  when  the  physical  efficiency  of  each  mllf.  ^f 
the  greatest  significance.  It  should  be  able  to  keep,  possess  some  varietv 
at  least  in  the  ways  in  which  it  may  be  cooked,  otherwise  it  palls  on  the 
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digestion  aud  leads  to  loss  of  appetite.  It  should  be  palatable,  for  if 
disliked  it  will  be  wasted  and  its  theoretical  value  largely  nullified. 
Hence  the  value  of  the  condiments  usually  added  to  it.  It  should  also 
have  some  stimulating  properties — a  large  part  of  it  should  be  sufficiently 
solid  to  need  mastication,  and  help  the  bowels  to  act.  It  should  be  a 
cooked  dry  ration  which  can  quickly  be  made  into  soup  or  stew,  or 
which  in  the  presence  of  the  enemy  or  the  absence  of  fire,  may  be 
eaten  cold,  with  or  without  a  mixture  with  water.  The  addition  of 
water  is  advisable  as  it  gives  increased  bulk,  thereby  more  satisfaction, 
and  facilitates  its  digestion.  The  emergency  ration  should  as  far  as 
possible  be  eaten  hot,  since  heated  foods  are  comforting,  stimulating, 
and  economical. 

Regarding  the  total  weight  of  the  food  itself  it  is  probable  that  no 
great  loss  in  body  weight  will  occur  within  a  week  if  the  ration  contains 
eleven  ounces  per  diem  of  dry  food,  if  the  different  nutritive  or  proxi- 
mate principles  of  a  diet  are  in  due  proportion. 

Emergency  ration  for  British  troops.— The  general  emergency 
ration  of  the  British  soldier  has  varied  considerably  in  different 
expeditions. 

The  emergency  ration  at  present  used  in  the  home  service  is  con- 
tained in  a  small  tin  cylinder  divided  into  two  compartments,  and 
weighing  10  ounces.  One  compartment  contains  4  ounces  of  Pemmican 
and  the  other  4  ounces  of  chocolate  paste.* 

"  The  following  would  be  the  weight  of  food  which  would  last  a 
inan  a  week  : — Biscuits,  2  lbs. ;  pea  or  flour  meat  sausages,  4  lbs.  ;  dried 
meat,  2  lbs. ;  sugar,  |  lb.  ;  tea,  ^  lb.  ;  cheese,  1  lb.  ;  total  10  lbs.  This 
weight  of  10  lbs.,  which  would  be  undergoing  reduction  every  day,  if 
properly  used  by  the  men,  would  carry  them  through  a  week's  labour, 
and,  although  a  meagre  diet,  would  enable  them  to  do  their  work."  t 

Emergency  ration,  United  States  Army. -The  foUowiug  ration  was  elaborated 
by  a  Board  of  Officers  of  the  United  States  Army  some  years  ago,  and  was  tested  on 
several  occasions  and  found  adequate  :  — 

Hard  bread  ...  .••  ■••  •••       16  oz. 

Bacon  -  ••■  •••  ■■•      '■^  " 

Pea-meal  ...     .       .••      .      •••      ,    .  •••       t  " 

Coffee,  roasted  aud  ground,  with  tour  grams  of  saccharine        a  ,, 

or 

Tea,  with  four  grains  saccharine  ...  ...  ••.  0-5 

salt      0-64 

Pepper  .••  -  •••  -  " 

Tobacco  ...  •••  —  •••  " 

Tbf  notential  energy  of  this  diet  is  high  and  the  available  nitrogen  is  sufficient 
•for  the    fequirements  of  hard  labour.    Divided  in  half  it  is  equivalent  to  the 
tubs  stence  diet  of  physiologists.    The  components  of  the  ration  are  packed  ni  smul 
bub8istencu  aiei.  uii.  J       g  submitted  to  a  careful  trial  in  a  troop  of 

iW^uch  Jit\ons' we're  issued  to  each  man  for  a  ten  days'  march  of  21 

»  NoTTHU  .nd  KiuTH,  Theori/  and  Practice  of  Hyyww,  Urd  Ed.,  p.  9U2. 
t  M  UN  SUN,  Military  Uyyime.y.  27l>. 
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miles  each,  all  men  being  carefully  weighed  before  the  march  and  after.  The 
journey  taken  was  through  an  uninhabited  country  where  food  could  not  be  obtained. 
The  average  loss  in  weight  was  nearly  3  pounds,  but  it  was  unevenly  distributed, 
somn  losing  heavily,  some  keeping  their  weight,  and  5  actually  gained  in  weight. 
The  losses  were  greatpr  among  the  younger  soldiers  and  those  of  heavier  build.  The 
men  kept  fit  and  tlieir  muscular " strength  increased  about  5  per  cent.  A  control 
experiment  by  a  party  marching  parallel  and  eating  a  fall  regulation  ration 
showed  that  the  men  lost  on  an  average  1'35  lbs.  per  man,  and  their  muscular  strength 
was  incre:ised  nearly  25  per  cent.* 

In  the  Britisli  Army,  as  in  all  other  Western  Armies,  the  question 
of  a  suitable  emergency  ration  is  still  in  the  experimental  stage. 
In  comparatively  recent  times  a  compressed  vegetable,  used  with  com- 
pressed beef,  has  been  tried.  Bovril  cartridges  have  also  been  tested. 
The  "Standard  Emergency  Ration  "  from  the  United  States  was  used 
in  the  South  African  War.  Pemmican  has  been  used  by  our  troops  in 
Indian  Frontier  warfare,  as  well  as  in  Africa.  It  consists  of  a  prepara- 
tion of  beef  with  fat  and  salt  put  up  into  flattened  tins  4i  inches  long, 
weighing  8  ounces.  It  can  be  eaten  without  any  cooking,  or  made 
into  beef-tea,  hash,  or  soup  by  boiling  with  vegetables.  Analysis 
shows  that  it  contains  sufficient  proteids,  fats,  and  salts,  for  emergency 
use.  The  carbo-hydrates  (which  are  absent  in  Pemmican)  are  provided 
in  the  cocoa  and  honey  paste  contained  in  another  compartment  of  the 
Pemmican  can.  With  this  8  ounces  of  hard  bread  are  usually  issued  for 
use  in  an  emergency. 

The  only  Army  that  issues  oatmeal  on  service  is  the  German.  It 
would  be  an  excellent  article  of  diet  for  the  soldier  in  the  field.  It 
contains  a  certain  amount  of  fat,  nitrogenous  material  and  starch. 

It  has  lately  been  thought  that  the  addition  of  an  extra  amount  of 
sugar  to  the  field  rations  would  be  a  very  good  change,  the  sugar  taking 
the'  place  of  part  of  the  meat  ration.  The  use  of  sugar  on  manoeuvres 
was  experimented  with  by  a  committee  of  French  Military  Medical 
Officers  and  well  reported  on.  The  soldiers  of  the  Japanese  Army  in 
the  Chinese  War  of  1894  carried  an  emergency  ration  of  rice  in  a 
cylindrical  ease  strapped  to  the  knapsack. 

Emergency  ration  for  Native  troops.— A  suitable  general  emer- 
gency ration  for  the  different  classes  of  Native  troops  is  still  a  want 
and  deserving  of  sejious  attention.  The  Committee  appointed  to  consider 
the  question  recommended  that  every  regiment  be  allowed  to  select  the 
ration  they  prefer,  these  rations  to  be  prepared  by  the  men  themselves 
immediately  the  regiment  receives  orders  to  mobilise,  and  thereafter 
every  man  to  always  have  an  emergency  ration  in  his  possession,  which 
should  be  consumed  only  under  the  orders  of  an  officer;  the  ration  to 
be  replaced  on  the  first  available  opportunity  after  consumption.  It 
v^'as  also  recommended  that  the  ration  should  be  carried  in  ting  As 
the  shape  of  the  tins  would  vary  according  to  the  ration  selected,  it  was 
left  to  regiments  to  design  their  own,  and  also  to  settle  the  manner  in 
which  it  should  be  carried. 
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The  following  are  the  formuloe  of  different  rations  for  Native  troops 
approved  by  the  Committee  :  — 

(a)  The  chana  ration. — This  consists  of  12  oz.  of  parched 
husked  gram  {dal  chabena)  with  4  oz.  of  gur.  The  chana 
and  gur  should  be  carried  in  separate  compartments  of 
the  tin. 

(6)  The  gur  mathi,  or  gur  biscuit  ration.— This  consists  of  1  lb. 
of  biscuits  made  in  the  proportion  oi—atta  10  parts,  ghee 
5  to  7  parts,  gur  3i  parts,  and  milk  3  parts  by  weight. 
Where  fresh  milk"  is  not  obtainable,  condensed  milk 
might  be  utilised. 

(c)  The  chini  mathi.  or  sugar  biscuit  ration.— This  has  the 

same  composition  as  (h)  except  that  maicla  (fine  flour)  is 
substituted  for  atta,  and  sugar  for  gur. 

(d)  The  sattu  ration.— This  consists  of  1  lb.  of  a  mixture  of 

three  parts  of  fine  ground  parched  barley,  and  one  part  of 
fine  ground  parched  gram,  sweetened  to  taste  with  sugar. 

As  sudden  changes  of  diet  are  liable  to  disagree  in  one  of  various 
ways  it  is  desirable  that  all  Native  troops  and  followers  should  be 
accustomed  in  peace  times  to  the  description  of  emergency  ration  they 
will  have  to  use  on  field  service.  Hence  these  rations  should  be  used 
whenever  opportunity  offers  during  route  marches,  manceuvres,  field 
training,  and  district  concentrations. 

Existing  orders  prescribe  that  every  Native  soldier  and  follower 
should  carry  on  his  person  on  service  an  emergency  ration  sufficient  tor 
one  day's  requirements ;  and  as  the  nature  of  the  ration  and  the  man- 
ner in  which  it  is  carried  (whether  in  a  metal  receptacle,  a  bag  or 
otherwise)  must  necessarily  vary  with  different  classes  of  Native  troops 
the  choice  of  both  rests  with  the  discretion  of  commanding  officers.  Ihe 
ration  has  to  be  one  which  can  be  quickly  prepared  from  the  articles 
carried  for  the  purpose  by  the  Supply  and  Transport  Corps  and  is  to 
be  carried  on  the'  person  in  a  suitable  receptacle.  .^^^J^f  . 
carry  this  ration  in  tins,  others  in  flat  circular  aluminium  boxes  otheis 
in  bags  ;  others  again  prefer  some  articles  carried  separately,  e.g.,  the 
gur  in  small  tins  and  the  chana  chabena  in  waterproof  bags. 

L.— Alcohol. 

General  opinion  of  military  medical  officers.-The  q^eslion  of 
the  use  of  alcohol  on  service  is  much  discussed  with  divergent  views. 
The  aenera  opinion  of  the  military  medical  officers  at  the  present  time 
•s'tiralllar  a^e  on  the  whole  b'etter  without  it^  ,f  ^^^^^Vrany 
instances  of  severe  campaigns  conducted  without  it.  "there  is  any 
use  for  alcohol  it  is  very  limited.    It  should  certainly  never  be  used  as 
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a  stimulant  to  fight  on.  There  are  rare  occasions  when  it  may  be  of 
use.  After  a  very  severe  day  in  the  field  and  when  no  further  fighting 
is  expected  ;  after  a  forced  march,  when  the  physical  capacity  of  the 
men  has  been  greatly  strained  ;  after  exposure  all  day  in  rain  and  the 
men's  clothes  have  been  saturated,  when  they  get  into  camp  and  have 
got  on  dry  clothes  it  may  be  given  ;  or  on  occasions  when  the  men  have 
worked  hard  under  great  strain  and  have  used  up  their  spare  physical 
energy,  here  it  may  be  given  when  the  work  has  been  finished  and  the 
men  can  rest.  Under  no  circumstance  should  it  exceed  a  ration  equiva- 
lent of  1|  oz.  of  alcohol,  which  is  equal  to  about  2 J  oz.  of  rum,  brandy 
or  whisky. 

The  problem  as  to  the  use  of  alcohol  in  the  Army  in  peace  and  war 
is  such  an  important  one  that  it  may  be  interesting  here  to  consider 
some  of  the  salient  points  which  will  enable  us  to  form  some  definite 
opinion  as  to  the  limits  of  its  usefulness. 

The  active  agent  in  all  intoxicating  beverages  is  ethylic  alcohol. 
Chemically,  ethylic  alcohol  is  composed  of  three  elements— carbon, 
hydrogen,  and  oxygen,  and  it  is  represented  by  the  chemical  formula 
C2  He  0.  Sugar  also  consists  of  carbon,  hydrogen,  and  oxygen. 
Any  substance  containing  sugar,  such  as  the  juices  of  fruit  and  certain 
vegetables,  may  be  caused  to  ferment ;  and  in  the  process  of  fermenta- 
tion, these  elements  (carbon,  hydrogen,  and  oxygen)  re-arrange  them- 
selves in  such  a  way  that  alcohol  and  certain  other  bodies — volatile  oils 
and  ethers— are  produced  :  a  wine  or  spirit  is  the  result.  In  this  the 
alcohol  is  the  intoxicating  body  ;  the  other  agents  contained  in '  the 
liquor  give  it  its  peculiar  flavour  or  aroma.  Wine  is  the  fermented 
juice  of  the  grape ;  toddy  is  the  fermented  juice  or  sap  of  various 
species  of  palm  tree,  and  so  on, 

Alc?liolic  beverages  and  the  production  of  alcohol.-Other  alcohols  exist 
uiffenug  in  compo3itiou,  but  analogous  in  nature  to  ethylic  alcohol.  One  example 
of  these  IS  we«%/ic  alcohol,  which  constitute  the  greateV  part  of  methylated'  sBirit 
another  IS  ami//tc  alcohol  or  fusel  oil,  which  constitutes  an  impurity  in  whiskv 
They  are  all  more  deleterious  than  ethylic  alcohol,  and  have  special  poisonous 
properties.  Beside  ethylic  alcohol,  intoxicating  liquors  usually  contain  some 
colouring  matter  and  saline  bodies.  In  a  general  way,  we  may  say  tLt  spirit  suchTs 
l>ramly,  xolmJcy  and  .jin,  if  pure,  contain  no  starch  and  very  little  sugar  ;  Zm  contains 
an  excess  of  sugar ;  .mwe-s,  chiefly  saccharine  matter,  saline  bodies^wiki  ethers  aSd 
essential  oils.    Ale,  stout,  and  porter  contain  much  starchy  and  extractive  matter 

General  effects  of  alcohol.-The  effects  of  alcohol  vary  chiefly  with  the  nnnnf-itxr 

'nl    U  ?akoi'T  «  'n         f'-"'      ^'^y  be/erage  Ts^hat  of  ?S  S 

veLu  nf  tho  f  small  quantities,  some  of  it  is  at  once  absorbed  by  the  bTood 
vessels  of  the  stomach,  and  soon  conveyed  all  over  the  body.  It  excites  the  act?on 
lrthPr'L''7>''r^'  Ph"^'  quantities  of  blood  into  tlfe  brain  and  otl  e.  or^^^^^^^ 

1  urther,  by  dilating  the  smaller  vessels  of  the  skin,  and  allowincra  lareer  amount 

d ition  of  fhpl««°r  Tm°  .<=°"«tantly  taking  alcohol  is  due  to  the  dilated  con 

cMe  for  ^nto  f  I  "°         lieat  is  developed  ;  the  contrary  is  the 

t  0.^-  tl^e^W         ^/'"S  the  surface,  more  heat  is  lost  by  evaporationand  radil- 

cMUinlK,  i^/  "i."'"'^^^^^  ^^^^  "S"*^'-    Keactiou  sets  in  by  which  1 

noimTl  984  \&  ^'^"'^  temperature  of  the  body  be  n^ 

^"^^^"^-^ ^^"^  ---^ 
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Effects  of  alcohol  on  digestion.— When  a  small  amouut  of  any  very  diluted 
alcoholic  beverage  is  drunk,  it  causes  an  increased  flow  of  gastric  juice.  The  effect 
of  this  is  to  cause  the  food  to  be  more  rapidly  aud  thoroughly  digested.  On  the  other 
hand,  if  any  strong  alcoholic  beverage  is  taken  vs'ith  the  food,  it  tends  to  destroy  the 
activity  of  the  gastric  juice,  for  by  it  the  pepsin  is  thrown  down  and  rendered 
useless'.  Pepsin  is  the  ferment  substance  and  active  principle  of  the  gustric  juice 
which  digests  the  proteid  substances  ingested,  forming  what  are  ca.lled  peptones. 
A  peptone  is  a  proteid  solution  obtained  by  digestion,  natural  or  artificial.  Without 
pepsin  we  know  that  gastric  digestion  cannot  go  on.  I'urther,  alcohol  unites 
•with  water  very  greedily,  and  when  taken  on  an  empty  stomach,  absorbs  the 
moisture  from  the  tissues,  irritates  them,  aud  eventually  produces  inllammation 
of  the  mucous  membrane  of  the  upper  digestive  tract.  If  such  inflammation  goes 
on  for  any  length  of  time,  the  glands  of  the  stomach  cease  to  secrete  gastric  juice 
and  the  food  then  is  not  digested.  Many  of  the  diseases  of  the  stomach  from  which 
some  adults  suffer  are  due  to  the  excessive  use  of  alcohol. 

Effects  on  the  circulation.— If  a  sufficient  quantity  of  alcohol  is  taken,  we 
see  a  more  marked  effect  than  we  have  related  in  connection  with  the  stomach. 
The  face  flushes,  there  is  a  sense  of  being  warmer.  We  know  that  all  parts  of  the 
body  are  abundantly  supplied  with  blood  vessels,  the  smallest  of  which,  the  capil- 
laries pervade  the  skin,  and  form  a  luxurious  network  in  almost  all  textures.  Every 
beat  of  the  heart  drives  blood  through  this  network  of  minute  vessels.  The 
auantitv  of  blood  thus  supplied  depends  partly  upon  the  frequency  of  the  pulse. 
But  the  arteries,  which  carry  the  blood  from  the  heart  to  the  capillaries,  are  not 
riaid  tubes  ;  they  are  elastic  and  muscular,  and  can  alter  their  size  in  accordance 
with  the  needs  of  the  part  they  supply.  Alcohol  has  a  very  marked  power  of 
causina  the  vessels  to  dilate  whenever  it  is  contained  in  the  blood,  so  that  under 
this  cifcumstance,  the  minute  vessels  become  turgid  and  the  tissue  redder.  At 
the  same  time,  it  also  acts  upon  the  heart.  The  contraction  of  the  heart  has 
natiirally  to  overcome  the  resistance  of  the  vessels,  so  as  to  keep  up,  in  them,  a 
certain  degree  of  fulness.  When  the  vessels  dilate,  they  offer  leas  resistance  to 
the  heart  and,  moreover,  the  whole  mass  of  blood  in  them  is  of  necessity  greater. 
Now  to  keep  thT  arteries  full,  the  heart  must  send  more  blood  at  each  beat,  or  the 
tiulle-beats  must  follow  one  another  more  quickly.  But  alcohol  acts  also  on  the 
heS  itself  S  makes  it  beat  faster.  The  result  is  that  it  propels  more  blood  in  a 
^iven  tSe  Thus  we  see  that  one  early  result  of  alcohol  is  to  produce  d.latation 
S  the Sd  vessels,  both  local  and  geneml,  and  to  quicken  the  action  of  the  heart 
and  make  it  do  more  work  in  a  given  time. 

rff^n+o  nTi  thp  action  of  musclea.-The  late  Professor  Paukes  has  shown  the 
dP,tr?c?fve  influSSce^ot- a^^^^^  power  of  muscular  exertion     He  induced 

fhree  soS^^^  a  march  of  20^  miles,  each  can-ying  '  jf^^;,  ^jf'g^^^?,! 

Vnhs  lTev  received  either  coffee,  rum,  or  extract  oi  meat  with  a  little  water  The 
51  lbs.  A  \Yn«^tPd  Vi^  davs  each  man  receiving  one  of  the  three  fluids  during  two  of 
tS  sL  cHvs     aS  threeTen  dicSred  the  alcohol  to  be  the  cause.of  early  exlnu.st.on 

r^tS;^B^^^^"ct^^^ 

s^^M^^r  -^j— n^t£cSSn^s  ^jr.:^  sa^ 

due  tothe  dull,^^^^^^^^^  ,,,,i,g  palpitation  and 

to  the  will,  and  partly  10  lue  uvei  CAL,  „r,r,n  rpsprve  enerav.  aud  may  thus 
breathlessness.    Alcohol  en^^^^^^^^^^ 

assist  in  a  single  effort  of  sh^^^^  ^^^^^^.^^  f/om  alcohol  duung  his 

longed  exertion     The  rapp^^^  ^^.^  ^^^^^     ^  1, 

day  s  tramp,  ^It^^o^fj;  t^eqi^euuy  «  ^^^^^  following 
an  important  influence  m  mo""^^  ^   crowded  towns  cannot  oxidise  as  much 

sedentary  f  pupations  and  dweUing    "  f  ^^j,^.,           ^ore  susceptible  to 

alcohol  as  those  doing  oi  t-door  work  a^^^^  game-keeper,  living  and 

the  evil  effects  of     ^^^^              '!°e^  large  quantities  of 

working  on  the  I^'S'^^'  /^'^i-ie'to  ii,rag^  quantity  that  would  kill  the  city 
his  native  whiskyand  st.il  ^^^^^^^^  J        ^^^^-^^^  Uis  simple 

merchant  withm  a  few  ye^i'^-  u-^s^^^     i  or  crude  brandy 

home  life  ^'^''^^^i;!!^^'^^^^^  the  inarch,  he  is  not  provided  w.tlx 
yet,  as  a  soldier  in  the  Kussian  mmj, 

alcohol 
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Effects  on  the  temperature  of  body— In  moderate  quantities  it  seems 
scarcely  to  affect  the  temperature  of  the  body  ;  in  larger  doses  it  lowers  it  slightly 
in  some  cases ;  iu  poisonous  doses  the  body  is  greatly  cooled,  During  the  glow 
that  follows  the  imbibition  of  small  quantities  of  alcohol,  there  is  a  feeling  of  in- 
creased warmth,  but  even  this  is  delusive  and  due  merely  to  the  dilatation  of  the 
surface  vessels.  A  delicate  thermometer  placed  under  the  ton^iue  of  an  inebriate 
tells  us  that  the  temperature  is  below  the  normal.  It  has  been  ahown  that  during 
digestion  of  all  kinds  of  food,  the  bodily  warmth  is  slightly  raised;  the  reverse 
is'the  case  with  alcohol.  From  half  an  hour  to  three  hours  after  it  is  absorbed  the 
temperature  is  lowered,  and  this  lowering  is  in  exact  proportion  to  the  amount  of 
alcohol  taken.  It  naturally  follows  that,  contrary  to  popular  opinion,  alcoholic 
liquors  do  not  fortify  against  cold.  The  habit  of  taking  a  "  peg  "  before  going  out 
at  night  is  the  best  possible  way  to  promote  chilliness  of  the  body.  It  is  a  harmful 
practice,  as  the  suddenly  dilated  vessels,  in  contact  with  cold  air,  are  made  to 
contract,  and  the  regurgitating  cold  blood  is  liable  to  set  up  internal  inflamma- 
tions. Dr.  Hayes,  the  Arctic  Explorer,  holds  the  opinion  that  alcohol  is  not  only 
completely  useless,  but  positively  injurious  to  travellers  in  Arctic  countries.  He 
says  that  "  strong  able-bodied  men  become  utterly  incapable  of  resisting  cold  in 
consequence  of  the  long  continued  use  of  alcohol."  Dr.  McKae  said  that  the  mo- 
ment one  of  the  men  in  the  Arctic  exploration  had  swallowed  a  drink  of  spirituous 
liquor,  it  was  certain  that  his  day's  work  was  nearly  at  an  end,  and  that  "it  was 
absolutely  necessary  to  enforce  total  abstinence  to  finish  the  day's  work." 

There  is  in  some  cases  a  constant  yearning  for  an  ever-increasiug  amount  of 
liquor  to  produce  the  original  effect.  Such  a  craving  is  unnatural.  No  food 
brings  about  this  ever-increasing  desire.  If  we  drink  a  cup  or  two  of  tea  for 
breakfast,  we  have  no  wish  to  drink  more,  nor  does  the  appetite  for  tea  increase  • 
it  never  creates  a  masterly  control  over  our  inclinations. 

Alcohol  lessens  the  appetite  for  other  food.— One  of  the  chief  influences 
of  alcohol  is  to  decrease  the  waste  of  the  system,  and  this  is  in  part  shown  by  the 
lessening  of  the  amount  of  carbonic  acid  gas  given  out  by  the  lungs.  Normally 
our  tissues  are  constantly  undergoing  change,  every  tissue  and  organ  is  being 
incessantly  broken  down  and  re-built  with  the  materials  provided  from  the 
food.  This  process  is  chiefly  one  of  oxidation.  If  this  oxidation  of  the  tissues 
or  organs  is  checked,  or  new  tissues  are  prevented  from  being  formed  the 
functions  of  the  animal  economy  cannot  be  carried  out  properly.  Under  alcohol 
the  blood  contains  less  oxygen,  but  more  carbonic  acid  than  normal ;  therefore 
the  power  of  using  up  the  food  eaten  is  decreased,  and  as  a  result'the  waste 
and  repair  is  proportionately  lessened.  The  drunkard,  or  "  tippler"  eats  less 
animal  and  vegetable  food,  as  a  rule,  than  the  ordinary  man,  because  to  him  his 
alcoholic  beverage  appears  to  be  a  food.  This  idea  is  founded  on  error.  The  alcohol 
has  in  reality  lessened  his  appetite  and  the  functions  of  the  digestive  tract.  Alco- 
hoi  contains  nothing  that  Can  be  converted  into  any  tissue  of  the  body.  It  cannot 
enter  into  the  construction  of  brain,  nerve,  muscle,  or  blood,  although  it  might 
interfere  with  their  repair  ^ 

Large  quantities  of  alcohol  (such  as  are  taken  during  a  drunken 
bout)  act  upon  the  brain  and  spinal  cord  in  such  a  way  that  the  im- 
biber cannot  any  longer  control  the  action  of  the  voluntary  muscles. 
The  movements  are  then  disorderly  and  weak  ;  the  person  cannot  walk 
steadily  ;  he  staggers  and  reels  about.  This  is  the  second  stage,  and 
is  succeeded  by  a  third,  in  which  the  mental  faculties  are  so  deranged 
that  no  reasoning  power  remains.  The  speech  is  then  difBcuIt,  the 
voice  is  thick,  husky  and  broken  ;  all  steady,  voluntary  movement  is 
lost.  A  fourth  stage  follows  in  which  the  brain  is  principally  involved. 
We  have  now  an  entire  depression  of  the  muscular  and  nervous  systems 
the  imbiber  lies  like  an  insensible  mass— he  is  "  dead  drunk."  ' 

Alcohol  lessens  the  power  of  undergoing  severe  bodily  exertion  • 
it  does  not  impart  strength.    Those  who  are  going  through  a  systetn 


236 


PREVENTION  FO  DISEAStf. 


of  training  for  competitive  feats,  requiring  strength  and  physical 
endurance,  such  as  walking,  running,  rowing,  etc.,  eschew  all  ealoholic 
liquors,  even  if  they  have  been  previously  accustomed  to  them. 

What  constitutes  excessive  use  of  alcohol.  —Experiments  have 
shown  that  an  adult  man,  in  moderate  exercise,  cannot  use  up  more 
than  ounces  of  alcohol  within  twenty-four  hours.     When  the 

amount  of  alcohol  is  increased  to  2  ounces  in  the  day,  excess  is 
reached.  The  strength  of  the  body  is  decreased,  nutrition  is  rendered 
defective,  and  such  alterations  may  take  place  as  lead  to  disease  of  the 
lever,  lungs,  or  kidneys.  Any  amount,  therefore,  exceeding  1-^  ounces 
of  alcohol  a  day  constitutes  an  excess. 

Percentages  of  alcohol  in  alcoholic  beverages.— The  following  table  shows 
the  relative  quantity  ol'  absolute  alcohol  contained  in  the  ordinary  fermented 
drinks  of  England  and  the  Continent  of  Europe  :  — 


Drink. 


Malt  Liquors. 

Ale 

Beer 

Porter 

Stout 

Liqlii  Wines. 
Rhine  wines 
French  clarets 
Burgundies... 
Rhone 

Strong  Wines. 
Madeira 
Port 
Sherry 


Gin 
Whisky 
Brandy 
Rum 


Spirits. 


Percentage  of 
absolute  alcohol. 


2-5  to  7.G 


6-8  to 
6-8  „ 
60  „ 
8-5  ,. 

17  to 
17  „ 
16  „ 


12 
12 
13-3 
13-5 

21 
22 
24 


Average  percen- 
tage of  absolute 
alcohol. 


40  to  60 

50  ,,  60 

53  „  60 

60  „  75 


10 


20 


50 


{ 


Quantity  repre- 
senting about  one 
ounce  of  absolute 
alcohol. 


20  ounces  or  one 
imperial  pint. 


10  ounces   or  half 
an  imperial  pint. 


5  oun  ces  or  2  or- 
dina  r  y  "w  i  n  e- 
glassfuls. 

2  ounces  or  1  or- 
dinary w  i  n  e  - 
glassful. 


These  are  approximate  quantities  only,  for  the  quantity  of  alcohol 
in  some  wines  or  beers  of  the  same  name  differ  widely. 

The  maximum  quantities  that  can  be  taken  with  any  degree  of 
safety  are-brandy,  whisky,  gin  or  rum  2^  ounces  in  the  24  hours ;  |  of 
a  Dint  of  light  wines,  clarets  and  hocks  ;  or  U  pints  of  ordinary  beer, 
such  as  European  soldiers  use.  This  represents  the  quanti  y  which 
first  fails  to  produce  any  diminution  of  physical  energy  m  the  adult 
healthy  man  Beyond  these  quantities  it  not  only  does  no  good,  bu 
the  exces^not  utilised  as  food  does  harm.  It  is  only  exceptionally  tha 
alcohol  is  required  as  a  food.  King's  EegulaUons^  ^  27,  lays  down  that 
2i  ounces 'of  rum  may  be  issued  on  field  service  when  ordered  by  he 
a  0  C  on  the  recommendation  of  the  P.  M.  0.    It  is  highly  probable 
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that  the  best  work  of  the  soldier  in  the  field  can  be  done  by  total 
abstinence.  The  statistical  evidence  of  insurance  companies  indicates 
that  the  best  lives  are  those  of  total  abstainers. 

The  nutritive  value  of  beer  is  higher  than  that  of  spiritous  drinks 
on  account  of  the  dextrine,  maltose,  and  other  saccharine  bodies  in  it. 
On  some  people  beer  acts  as  a  depressant,  and  in  excess,  it  produces 
stupor  and  intoxication.  In  excess  it  leads  to  fatness  and  retards  digestion, 
and  produces  as  much  harm  as  spirit  drinking.  When  taken  in  strict 
moderation  by  those  who  can  stand  it  at  all,  it  is  to  some  extent 
invigorating.  Men  should  not  drink  beer  before  going  to  bed,  especially 
in  the  hot  weather.  A  quart  of  beer  is  the  maximum  that  any  soldier 
should  take. 

Many  people  consider  that  small  quantities  of  alcohol,  repeatedly 
taken,  act  as  a  stimulant  to  the  brain.  Such  stimulation  is  very  tem- 
porary, and  it  is  now  a  well-known  fact  that  the  highest  brain  powers 
are  never  called  forth  under  the  influence  of  alcoholic  stimulants. 

Alcohol  unnecessary  in  health.— Alcoholic  beverages  are  unneces- 
sary in  health.  Some  people,  however,  from  delicate  constitution,  weak 
digestive  organs,  or  for  some  other  reason,  find,  by  experience,  that  a 
small  amount  of  some  alcoholic  beverage  does  them  good,  adds  consi- 
derably to  their  comfort,  and  is  necessary  to  their  well-being.  In  such 
cases  the  quantity  of  the  beverage  used  in  the  day  should  not  contain 
more  than  an  ounce  and  a  half  of  absolute  alcohol.  The  persons  who 
for  these  reasons  enjoy  alcoholic  beverages  most,  take  them  in  strictly, 
limited  quantities,  and  usually  with  their  meals,  and  there  is  no 
evidence  to  show  that  taken  under  these  conditions,  it  does  any  harm 
to  the  system. 

Excess  of  alcohol  considerably  lowers  the  vitality  and  healthy  state 
of  the  body.  Such  excess  is  probably  one  of  the  greatest  predisposino- 
causes  of  hver  abscess,  heat  syncope  and  heat  apoplexy,  dysentery, 
infective  diarrhoea,  and  infectious  disease  generally.  With  such  excess 
the  gates  for  the  access  of  disease-germs  are  always  open. 

When  j'^th  part  of  the  body-weight  of  alcohol  is  taken,  ouly  3  percent 
appears  in  the  urme  and  breath  ;  the  rest  is  used  as  a  food.  If  double  this  quantity 
18  taken  10  per  cent,  appears  in  the  urine  and  breath  ;  it  ^J,th  is  taken  then  50  per 
cent  appears,  and  if  a  arger  amount  then  75  per  cent,  or  n^oi'e.  In  other  words  when 
small  doses  are  taken  It  is  capable  of  being  used  as  a  food  ;  when  large  doses  are 
taken  only  half  is  so  used,  and  when  very  large  only  a  quarter. 

Bazaar  liquors  are  as  a  rule  highly  injurious,  and  should  never  be 
used.  _  They  often  contain  harmful  agents  and  frequently  the  alcohol  in 
them  IS  not  sufhciently  matured. 

It  is  sound  rule  never  to  take  alcohol  in  any  form  until  the  sun 
goes  down.  This  is  a  rule  observed  by  most  experienced  officers  of  the 
Army  in  India. 
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Alcohol  should  never  be  taken  on  an  empty  stomach.  Its  best 
effects  are  secured  when  it  is  taken  with  the  food,  especially  with  a  late 
dinner.  The  use  of  alcohol  during  the  middle  of  the  day  is  to  be 
discouraged  in  this  country.  The  use  of  alcohol  during  duty  should 
be  strictly  forbidden.  Within  the  limits  stated  it  can  do  little  harm 
when  taken  after  the  day's  work  is  over. 

We  caunot  in  the  light  of  present-day  knowledge  and  experience 
condemn  alcohol  as  an  article  that  is  always  injurious.  It  is  certainly 
useful  in  some  diseased  conditions,  and  is  sometimes  desirable  in 
health. 

Service  in  the  Army,  as  in  most  other  callings,  has  its  little  cares 
and  worries,  and  it  is  probable  that,  with  some  men,  a  small  or  moderate 
amount  of  alcohol  taken  with  a  meal  after  the  day's  work  is  over,  may 
soothe  the  system,  prevent  waste  of  tissue,  stimulate  flagging  energies, 
and  help  digestion.  In  the  case  of  senior  officers  who  have  served 
manv  years  in  India,  alcohol  in  small  quantities  is  often  a  useful 
addition  to  the  diet. 

When  men  are  known  to  be  inclined  to  abuse  the  use  of  alcohol, 
we  should  encourage  and  help  them  to  become  total  abstainers.  If 
men  merely  take  alcohol  within  the  limits  stated  above  we  are 
scarcely  justified,  in  the  present  state  of  our  knowledge  regarding 
alcohol,  in  coercing  them  to  total  abstinence. 

These  are  the  main  considerations  that  should  guide  our  views 
in  regard  to  the  use  of  alcohol  in  the  Army— they  are  unassociated  with 
the  extreme  opinions  of  rabid  supporters  of  teetotalism,  they  emphati- 
cally discountenance  the  abuse  of  alcohol,  a_nd  give  a  freedom  of  action 
to  those  who  can  adhere  strictly  to  moderation. 

Men  have  been  capable  of  the  greatest  bodily  and  mental  exertion 
without  alcohol,  and  in  extremes  of  heat  and  cold  they  are  undoubtedly 
better  without  it,  provided  that  in  the  latter  case,  at  least,  they  have 
appropriate  food. 

Alcohol  in  disease.— Most  people  admit  that  alcohol  is  a  valuable 
c!ru<^  and  those  who  have  had  to  deal  much  with  the  abnormal  condi- 
tiont  of  the  human  economy,  know  of  what  immense  value  it  is  in 
many  cases.  We  fully  recognise  the  usefulness  of  alcohol  in  certain 
Tses  of  weak  digestion.  St.  Paul  advised  Timothy  to  abstain  from 
water  and  "  take  a  little  wine  for  his  stomach's  sake  and  his  often 
infirmities."  In  the  convalescent,  in  the  weak,  and  the  aged  we 
freoTently  find  that  a  little  alcohol  with  the  food  is  very  serviceable. 
In  Lme  cases  of  weak  heart,  in  fainting  from  shocks  of  every  kind 
andXe  there  is  want  of  general  tone  in  the  body,  «  -  f /--J^^^^ 
effect  an  improvement  which  no  other  medicine  can.  It  is  a  powerful 
remedy  iHome  fevers,  especially  in  the  later  stages,  when  it  reduces 
the  temperature  and  calms  the  delirious  bram. 
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Whilst  alcohol  may  be  used  with  great  benefit,  and  in  very  large 
doses  in  some  few  cases  of  disease,  tlie  knowledge  of  how  and  when  to  use 
it  with  profit  is  one  of  the  points  which  requires  all  the  special  skill  and 
experience  of  the  physician,  and  the  indications  for  its  judicious  use 
require  technical  knowledge  which  can  not  be  imparted  by  words.  It 
is  especially  in  the  later  stages  of  acute  diseases  and  fevers,  and  in  some 
diseases  of  the  nervous  system  and  heart,  that  it  finds  its  greatest  use  ; 
but  in  such  cases  it  is  always  prescribed  as  a  medicine,  in  carefully 
measured  doses,  and  at  stated  hours,  and  this  is  never  left  to  the  discre- 
tion either  of  the  nurse  or  the  patient.  Let  it  not  be  imagined  that 
caprice,  or  educational  bias,  guides  the  doctor  in  giving,  or  withholding 
alcohol  in  disease.  There  is  no  drug  the  eflPects  of  which  in  abnormal 
conditions  of  the  human  economy  has  been  more  minutely,  thoroughly, 
and  scientifically  investigated  of  late  years  than  alcohol,  and  a  great 
mass  of  accurate  knowledge  as  to  its  effects  is  the  result ;  so  that  he  who 
states  that  the  giving  of  alcohol  is  merely  a  matter  of  routine  practice  on 
the  part  of  physicians,  entirely  misinterprets  the  position  and  responsi- 
bilities of  medical  men. 

Sake  was  issued  to  the  Japanese  during  the  late  war.  They  were 
strictly  prohibited  from  buying  alcoholic  drink  of  any  kind  from  villages, 
but  were  permitted  to  do  so  from  military  canteens,  which  the  medical 
authorities  examined  at  least  twice  a  month. 


M. — Use  of  Tobacco. 

Tobacco  is  generally  used  for  smoking,  less  frequently  for  chewing 
and  as  a  snuff.  Whilst  one  would  not  say  that  tobacco  is  a  necessity  to 
the  soldier,  either^in  garrison  or  in  the  field,  there  is  a  general  concensus 
of  opinion  among  military  medical  officers  that  its  moderate  use  adds 
considerably  to  the  comfort  and  happiness  of  those  who  indulge  in  it. 
The  tobacco-smoker,  when  deprived  of  his  pipe  or  other  form  of  smokei 
often  feels  the  want  of  it  more  than  he  does  of  food.  In  moderation' 
after  meals,  tobacco-smoking  stimulates  gastric  secretion,  aids  digestion' 
and  increases  the  action  of  the  bowels  by  stimulating  the  contrac- 
tion of  the  involuntary  muscular  coats  of  the  large  bowel  (stimu- 
lating peristalsis),  and  where  the  supply  of  food  is  deficient  it  diminishes 
the  sensation  of  hunger.  "  Korloff  during  the  Russo-Turkish  War  of 
1878,  studied  its  properties  minutely  in  regard  to  blunting  the  sense  of 
hunger,  and  as  a  result  he  recommended  that  a  daily  ration  of  tobacco 
be  issued  to  the  Russian  troops."  In  the  Armies  of  the  United  States 
and  (xermany  tobacco  is  one  of  the  components  of  the  emergency  and 
ordinary  ration  respectively  on  field  service. 

When  not  to  smoke— Smoking  during  the  heat  of  the  dav 
particularly  while  on  the  march,  increases  thirst  and  leads  to  unnecessary 
drinking     The  same  result  follows  the  chewing  of  tobacco  on  the 
march,  due  to  the  loss  of  salivary  fluids  caused  by  frequent  spittincr 
Tobacco  may  be  used  to  overcome  weariness ;  it  serves  to  relieve  enmti 
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and  on  many  of  its  habitues  has  a  very  soothing  effect.  We  know 
that  in  standing  camps,  during  periods  of  inactivity  and  inertia,  the 
monotony  of  life  sooner  or  later  jars  and  frets  tl\e  soldier  ;  during  these 
periods  tobacco  is  used  nominally  to  pass  the  time ;  but  in  reality  as  a 
calmative  on  the  unemployed  nervous  system.  Under  such  circumstance 
there  is  the  risk  of  its  being  used  to  excess  and  of  its  producing  harmful 
effects,  and  men  should  be  cautioned  about  this. 

What  constitutes  excessive  use. — It  has  been  estimated  that  in 
pipe-smoking  the  average  consumption  is  something  over  half  an  ounce 
of  tobacco  a  day,  and  that  an  ounce  per  diem  is  excessive.  It  is 
scarcely  possible  to  state  the  minimum  qiiantity  that  would  be  harmful 
to  any  one  individual,  but  the  occurrence  of  shortness  of  breath, 
palpitation,  obscure  pains  about  the  region  of  the  heart,  nervous 
irritability  with  loss  of  appetite,  are  indications  to  reduce  or  temporarily 
abstain  from  the  use  of  tobacco.  More  pronounced  symptoms  resulting 
from  its  use  are  loss  of  appetite,  impaired  muscular  energy,  giddiness, 
alteration  of  vision,  loss  of  memory,  and  jprogressive  general  weakness. 

Moderate  use  practically  never  harmful. — One  has  no  hesitation 
in  saying  that  tobacco  is  only  harmful  to  fully  trained  soldiers  with  a 
highly  neurotic  tendency,  and  to  those  of  insufficient  will-power  to  pro- 
perly regulate  and  restrict  its  use.  Whatever  be  the  possible  theoretical 
risks  associated  with  its  use,  the  records  of  our  hospitals,  either  in 
peace  or  war,  do  not  show  that  tobacco-smoking  is  in  any  sense  a  serious 
cause  of  inefficiency  or  danger. 

The  amount  of  nicotine  in  tobacco  smoke  cannot  be  definitely  stated  as  it  varies 
with  the  kind  of  tobacco  and  the  vpay  in  which  it  is  inhaled,  but  only  a  small  pro- 
portion of  that  contained  in  the  tobacco  passes  over  in  the  smoke.  In  snuff  there 
is  generally  ouly  a  small  amount  of  nicotine,  while  in  chewing  tobacco  there  is 
generally  a  varying  amount  of  foreign  matter  such  as  molasses. 

The  enjoyment  of  tobacco-smoking  has  never  been  satisfactorily 
explained,  and  it  is  not  even  proved  that  nicotine  is  essential  to  the 
pleasurable  results.  The  outcome  of  a  vast  amount  of  experimentation 
in  connection  with  tobacco-smoking  is  that  so  far  its  effects  are 
unexplained. 

One  point  appears  to  be  quite  certain— the  tobacco  habit  cannot 
be  compared  with  the  use  of  such  drugs  as  opium,  morphine,  cocaine  or 
alcohol,  as  it  is  not  taken  for  the  purpose  of  producing  stimulation  or 
depression  of  the  central  nervous  sytsem,  and  it  would  appear  doubtful 
whether  the  amount  of  nicotine  absorbed  has  any  action  at  all. 

It  is  a  curious  fact  that  with  many  smokers,  the  pleasure  of 
smoking  is  largely  abolished  when  smoking  in  the  dark,  or  in  a  stormy 
wind,  and  when  the  smoke  is  not  seen. 

One  of  the  commonest  effects  of  over-indulgence  in  tobacco  is  a 
chronic  inflammation  of  the  throat  and  upper  parts  of  the  respiratory 
mssaoes,  leading  to  hoarseness  and  excessive  secretion  of  mucus  from 
the  mCus  glands  of  these  regions.    This  is  explained  by  the  constant 
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action  of  an  irritant  alkaline  vapour  and  pyridine  (a  body  having  the 
peculiar  smell  of  burnt  matter,  and  is  combined  with  the  nicotine),  and 
is  not  due  to  the  nicotine.  A  similar  irritated  condition  of  the  tongue 
is  frequently  met  with,  especially  wlien  the  hot  vapour  is  directed  on 
one  part,  as  in  pipe-sinokiiig,  and  it  is  sometimes  stated  that  the  cons- 
tant irritation  thus  produced  render  the  tongue  and  lips  more  liable 
to  cancer  in  these  parts. 

Dyspepsia,  lo.';s  of  appetite,  and  consequent  loss  of  flesh  may 
also  be  explained  by  the  local  irritation  produced  by  the  swallowed 
saliva.  In  the  great  majority  of  cases  of  chronic  tobacco  poisoning, 
the  symptoms  disappear  on  relinquishing  the  habit  or  even  restricting 
the  daily  consumption. 

The  most  wholesome  form  of  tobacco-smoking  is  probably  that  of 
a  pipe  and  next  that  of  a  cigar.  Cigarette  smoking  is  tiie  most 
injurious,  chiefly  hecause  the  ordinary  cigarette  smoker  inhales  all  the 
fumes  which  tend  to  irritate  the  throat  and  upper  part  of  the  air 
passages,  etc. 

The  practice  of  cigarette  smoking  has  rapidly  extended  in  this 
country  and  is  doing  a  considerable  amount  of  harm  to  the  male  part  of 
the  youthful  population.  Smoking  of  the  hookah,  in  which  the  fumes 
first  pass  through  a  bowl  of  water  below  the  chilum,  when  the  tobacco 
is  pure,  is  probably  one  of  the  cleanest  and  most  innocent  forms  of 
tobacco-smoking  indulged  in. 

Moderate  tobacco-smoking  by  fully  developed  and  fully  trained 
soldiers  does  no  harm.  It  allays  the  feeling  of  hunger,  in  some  unknown 
way  soothes  the  system,  and  adds  to  personal  comfort.  When  used  in 
excess  it  is  always  injurious,  as  it  is  in  untrained  youths  whose  hearts 
are  inordinately  susceptible  to  its  effects.  The  cigarettes  now  largely 
imported  into  this  country  and  used  by  our  troops,  made  from  the  most 
villainous  refuse  tobacco' in  the  market,  are  injurious.  Last  year  one 
saw  largely  advertised  a  brand  of  cigarettes  sold  at  20  for  6  pies,  in 
which  the  tobacco  was  uncured  and  half  rotten.  The  form  of  cigarette 
smoking  that  has  sprung  up  in  the  Army  in  recent  years  should  be 
discouraged  in  every  possible  way — it  can  do  nothing  but  harm.  The 
most  injurious  part  of  this  habit  is  inhaling  the  smoke.  The  tobacco 
sold  in  cantonments,  canteens  and  coffee-shops  should  be  closely  watched 
and  controlled. 

Tobacco  chewing  should  be  discouraged  in  the  Array— tobacco 
affects  the  system  more  directlj^  when  chewed  ;  it  leads  to  excessive 
spitting  and  subsequent  thirst. 

The  use  of  the  strong  twist  or  roll  tobacco  for  the  pipe  should  also 
be  discouraged,  it  often  disturbs  the  action  of  the  heart  in  even  the 
most  hardened  smokers. 

The  best  time  for  smoking  is  after  meals — it  is  then  better  enjoyed 
and  has  least  injurious  effects.  Smokiug  during  the  actual  hours  of 
duty  and  on  fatigue  should  be  forbidden.  It  is  better  not  to  smoke  just 
before  oommeuoing  any  work  requiring  much  physioal  exertion. 
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Various  orders  regarding  cigarette  smoking  have  appeared,  issued 
usually  by  commanding  officers  and  general  officers  on  tlieir  own  respon- 
sibility, from  time  to  time,  and  from  these  one  would  abstract  the 
following  two.  The  first  is  with  reference  the  troops  in  the  Irish 
Command  : — 

"  The  Commander  of  the  forces  has  during  recent  visits  to  Military 
Hospitals  been  again  struck  by  the  harm  that  the  increaping  prevalence 
of  cigarette  smoking  is  doing  to  the  health  of  the  Army.    It  is  not 
confined  to  the  Army,  and  Parliament  is  likely  soon  to  deal  with  it  as 
affecting  the  national  health.    Lord  Grenfell  appeals  to  the  Irish  Com- 
mand to  give  earnest  and  early  thought  to  combat  what  is  gradually 
but  greatly,  affecting  its  efficiency,  and  he  requires  all  Commanding 
Officers  to  impress  on  those  under  their   command   the  evils  that 
inevitably  result  from  this  excess.    He  would  point  out  that  in  other 
directions  the  health  and  w^ell-being  of  the  troops  in  this  command  have 
greatly  benefitted  from  the  loyal  and  intelligent  co-operation  of  all 
ranks  in  giving  effect  to  sanitary  measures  suggested  by  the  medical 
authorities.    He  looks  forward  \v\th  confidence  to  a  similar  apprecia- 
tion of  his  endeavour  to  mitigate  the  harm  done  by  excessive  cigarette 
smoking,  especially  among  the  younger  soldiers. 

"  With  a  view  to  helping  men  to  overcome  the  habit,  the  com- 
mander of  the  forces  directs  tlie  smoking  of  cigarettes  to  be  prohibited  at 
certain  times  when,  on  the  other  hand,  no  similar  restriction  as  regards 
pipe-smoking  will  be  made.  The  smoking  of  cigarettes,  therefore,  will 
not  be  permitted  when  men  are  on  fatigue  or  under  arms  on  any 
occasion,  including  field  operations  and  manoeuvres." 

The  following  was  published  by  the  officer  commanding  a  British 
unit : — 

"  It  has  been  brought  to  the  notice  of  the  Commanding  Officer  by 
the  Medical  Officer  and  from  other  sources  that  a  considerable  amount 
of  harm  to  the  health  of  the  battalion  is  being  done  by  the  very 
large  amount  of  cigarettes  that  are  being  smoked  by  all  ranks.  Ihe 
following  order  will  be  strictly  adhered  to  from  this  date. 

"  Cigarettes  will  never  be  smoked  by  any  officer,  warrant  officer, 
non-commissioned  officer  or  man,  when  on  any  duty  whatsoever,  that  is, 
when  on  manoeuvres,  field  days,  route  marches,  company  parades, 
cuard  duties  and  fatigues,  or  when  employed  in  any  of  the  regimental 
institutes  or  any  of  the  battalion  offices,  or  when  attending  such 
offices." 

It  is  an  unfortunate  circumstance  that  the  habit  of  cigarette  smoking 
has  grown  very  considerabely  both  amongst  our  European  and  Native 
troops  in  India.  All  boys  in  the  service  should  be  strictly  forbidden 
from  smoking  cigarettes. 

The  habit  of  passing  tl,e  pipe  iVon>  muulh  to  inoutl,  should  be 
stopped-  disease  is  onoasionally  communicated  m  this  way. 
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It  is  highly  probable  that  both  European  and  Native  soldiers 
smoke  more  than  the  civilian  classes  from  wliom  they  are  drawn,  for 
they  have  on  an  average  more  jnoney  to  spend  and  more  time  to  spare. 
When  the  civilian  is  going  in  for  a  competition  in  running,  walking, 
rowing,  etc.,  he  puts  himself  through  a  course  of  exercise  and  either 
entirely  relinquishes  or  greatly  reduces  his  smoking. 

Chewing  of  kola  nut  and  cocaine  leaves. — One  is  strongly  opposed 
to  the  use  of  such  artificial  aids  to  endurance  as  the  kola  nut  (even  when 
obtainable  in  the  fresh  state  when  its  reputed  virtues  are  at  their 
highest),  chewing  of  coca  leaves  as  used  by  the  Peruvian  post  messengers 
and  labourers,  etc.,  which  are  said  to  banish  hunger,  thirst,  and  all 
sense  of  fatigue.  One  recalls  an  article  written  many  years  ago  in, 
as  far  as  one  can  remember,  the  Nineteenth  Oeniiiry,  in  which  it  was 
seriously  proposed  to  supply  all  men  with  coca  leaves  (leaves  of  the 
Erythroxylon  coca)  as  a  part  of  their  emergency  ration,  these  leaves  to  be 
placed  inside  the  flap  of  the  blouse  in  the  same  way  as  our  troops  carry 
the  first  field  dressing  1 


BARRACKS  AND  THEIR  SANITATION. 
A, — Barracks  for  European  troops. 
Remarks  on  Site  and  Gonstruction. 

Defectively  constructed  barracks  have  given  rise  to  a  considerable 
amount  of  disease  in  our  Army  in  the  past,  and  in  some  European 
Armies  are  still  responsible  for  a  fair  amount  of  sickness  and  ineffici- 
ency. In  the  past  the  chief  defects  in  barracks  were — overcrowdina 
deficient  cubic  and  superficial  space,  and  inadequate  arrangements  for 
ventilation.  None  of  these  conditions  exist  in  our  European  troops' 
barracks  of  the  present  day  in  India  and  in  only  comparatively  few 
cases  can  they  be  said  to  exist  in  the  barracks  of  Native  troops. 

In  many  of  the  older  European  soliders'  barracks,  the  barrack- 
room  was  used  for  various  purposes —as  a  sleeping  room,  living  and 
dining  room,  which  arrangement  was  decidedly  unwholesome.  In 
practically  all  barracks  now  there  are  verandabs  in  which  the  men  take 
their  meals  or  special  dining  halls,  which  liave  added  much  to  the 
men's  comfort. 

Conditions  necessary  for  thoroughly  Sanitary  and  Healthy 
Barracks.— 1  he  main  points  in  connection  with  sanitary  and  healthy 
barracks  are  that  they  should  be  in  a  dry  site,  and  have  an  aspect  that 
gives  light  and  cheerfulness;  that  they  are  provided  with  a  supply  of 
wholesome  water,  with  means  to  remove  waste  water  by  which  perfect 
cleanliness  of  all  parts  of  the  barracks  can  be  ensured  ;  have  a  eystem 
ot  conservancy  that  gets  rid  of  all  human  excreta  in  such  a  way  that 
reduces  to  a  minimum  the  possibility  of  contamination  of  air  '  water 
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and  food  ;  a  system  of  ventilation  which  CBrries  off  all  aerial  impurities 
and  a  state  of  construction  which  ensures  perfect  (iryness  of  founda- 
tions, walls,  and  roofs. 

Site  for  barracks.— When  there  is  a  choice  of  sites,  the  special 
points  to  attend  to  ure — the  nature  of  the  surface  soil  and  subsoil, 
the  ordinary  level  of  the  ground  water,  the  conditions  as  to  natural 
drainage  and  facilities  for  artficial  drainage  ;  the  configuration  of 
the  locality  as  to  whether  it  is  elevated,  flat,  undulating,  or  depressed, 
the  aspect,  extent  of  exposure  to  heat  or  cold,  surroundings,  purity  of 
air,  and  nearness  to  open  collections  of  water. 

The  site  should  he  open,  freely  exposed  to  the  air  on  all  sides, 
fairly  elevated  and  with  a  moderate  sprinkling  of  trees.  There  should 
be  a  certain  amount  of  slope,  preferably  all  round,  to  facilitate  drainage 
with  natural  drainage  channels  or  outlets.  The  soil  should  be  dry  and 
of  a  porous  nature,  gravel  being  the  best ;  sand  and  sandstone  are  good  ; 
chalk  and  chalkstone  are  also  good  soils  but  seldom  available  in  this 
country.  Alluvial  soils,  clay  soils,  marls  and  loams  are  unhealthy,  and, 
if  they  must  be  used,  should  be  previously  thoroughly  drained.  A 
thin  stratum  of  sand  or  gravel  resting  upon  clay  is  a  most  unhealthy 
site.    "  Made  soils  "  and  reclaimed  land  are  unhealthy. 

A  coarse  gravel  or  sandy  soil  is  healthy  if  it  drains  itself 
thoroughly,  and  provided  it  does  not  rest  on  a  bed  of  clay  that  is  close 
to  the  surface.  A  gravelly  porous  soil  is  on  the  whole  the  healthiest  to 
build  on  A  gravelly  soil  contains  about  one-third  of  its  bulk  of  air 
and  a  quantityof  water  which  varies  with  the  subsoil  drainage  and 
rainfall,  and  the  proportion  of  subsoil  water  in  the  locality. 

AUuvial  soils  are  insalubrious  sites  as  they  are  usually  damp 
(the  subsoil  water  being  close  to  the  surface)  and  they  contain  an 
abundance  of  organic  matter  that  has  been  brought  down  by  rivers. 

Clay  soils  should  be  avoided  as  they  are  associated  with  a  high 
Bubsoil  water  level,  collections  of  surface  water,  and  mosquitoes,  and, 
through  these  latter,  with  malaria. 

Valleys  and  craters  between  hills  are  always  hot  and  unhealthy 
frorn  the  absence  of  free  ventilation  and  dampness  of  the  soil.  Ravines 
«Ws  Tn  the  line  of  the  natural  outflow  of  subterranean  water 
Z  arl  tLefort  Lualfy  damp  and  unhealthy^   A  site  near  stagnant 
water  which  cannot  be  removed  should  be  avoided. 

Tt  should  be  remembered  that  the  soil  on  which  we  build  is  not 
i  f  it  is  porous,  and  its  pores,  or  the  spaces  between  the  sohd 

'  :l?o  t7e  so^l^^^^^^^^^  with  water' or  air,  usually  both,  the  amount 
T  irrvin/  Theair  is  constantly  rising,  falling,  and  moving 
of  eaca  varying.    \^^J-''      ^  ^      ^he  water  is  always  moving 

laterally  in  t^^J^^^fV^'/l^ir water,  or  towards  other  bodies  of 
rt::':ui%-l.'which%:^^^  -ards  such  outlet 
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Hence  such  wells  if  shallow  (and  even  deep  wells  if  not  properly 
steined)  will  be  polluted  by  any  impurities  brought  by  the  water  from 
the  surface  soil  and  subsoil.  It  should  be  remembered  that  the  walls 
of  barracks  stand  on  earth,  air  and  water,  and  not  on  earth  only. 

European  troops'  barracks  adjacent  to  Native  bazaars  are  practically 
always  unhealthy.  The  children  of  native  quarters  are  often  infected 
with  malaria,  and  anophelines  are  invariably  present  during  the  malaria 
season.  The  surroundings  of  the  ordinary  bazaar  and  native  quarters 
are  usua  lly  insanitary.  All  barracks  should  be  situated  at  a  distance  of 
at  least  half  a  mile  from  bazaars  and  towns. 

Drainage  of  damp  sites. — Wherever  any  question  of  dampness  of 
the  site  arises,  the  area  should  be  thoroughly  drained  before  being 
built  on.  This  may  be  done  in  various  ways,  e.g.,  laying  unjointed 
stout  glazed  earthenware  pipes  in  the  lines  of  natural  drainage  and 
covering  them  up;  or  by  simply  laying  boulders  of  stone  in  similar 
lines  beneath  the  surface.  In  all  such  Cases  the  barracks  must  be 
shut  off  from  the  subsoil  by  solid  impermeable  foundations  (with  a 
damp-proof  course  in  the  walls)  and  be  erected  on  a  plinth  which 
should  never  be  less  than  2  feet  in  height. 

One  of  the  most  important  points  is  that  the  ground  water  should 
not  only  be  deep,  but  filso  of  fairly  uniform  level.  An  oscillating 
subsoil  water  level  is  intimately  connected  vith  the  prevalence  of 
several  diseaees. 

Other  considerations  in  connection  with  sites  are  referred  to  under 

Sanitation  of  Gamps. 

In  all  cases  it  is  essential  to  select  a  site  that  is  free  from  large 
natural  or  artificial  collections  of  water  within  a  radius  of  half  a  mile, 
or  when  these  exist  they  should  be  capable  of  being  readily  filled  up 
or  drained. 

In  the  case  of  all  new  barracks  the  bearings  of  the  site  chosen  on 
the  health  of  troops  is  now  deliberated  on,  and  all  hygienic  conditions 
thoroughly  considered  before  the  site  is  finally  decided  upon.  An  excess 
of  trees  is  undesirable,  they  give  shelter  to  mosquitoes.  There  is  a 
mistaken  notion  that  trees  give  coolness  to  barracks  and  bungalows; 
they  do  not  do  so  unless  there  is  a  regular  forest  of  them,  oi^  unless 
they  are  right  against  a  barrack,  in  which  case  they  close  out  air  and 
light  and  bring  mosquitoes  right  up  to  the  doors  and  windows. 

Direction  of  barracks. — The  direction  of  the  long  axis  of  barrack 
rooms  should  be  east  and  west.  This  prevents  the  sun  beatincr 
mto  the  barrack  rooms  during  the  mornings  and  afternoons,  and 
at  the  same  time  allows  of  perflation  of  air  by  means  of  the  two  chief 
winds  of  this  country  (which  blow  south-west  and  north-east)  at  such 
an  angle  as  to  permit  of  complete  diffusion  without  merely  passing 
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through.  This  aspect  also  gives  the  best  kind  of  natural  light.  The 
next  best  direction  for  the  long  axis  of  barracks  is  north-west  and 
south-east. 

A  common  arrangement  of  regimental  barracks  for  European 
troops  is  a  long  line  or  double  line  of  buildings,  en  echelon,  which  are 
either  double  or  single-storied,  with  through  cross  ventilation,  and  high 
plinths.    Practically  all  the  newer  barracks  in  India  are  single-storied. 

The  materials  used  in  the  construction  of  barracks  should  be 
such  as  will  not  harbour  insects,  vermin,  or  reptiles  of  any  sort.  One 
of  the  main  objects  to  be  aimed  at  in  the  construction  of  modern 
barracks  is  the  maintenance  of  a  state  of  perfect  cleanliness  with  the 
greatest  facility  and  the  least  expenditure  of  manual  labour. 

No  earth  for  the  construction  of  any  part  of  barracks  should  be 
taken  from  the  immediate  neighbourhood  of  the  buildings.  In  the 
building  of  barracks  no  borrow-pits  should  be  created.  All  earth 
required  for  building  purposes  should  be  obtained  from  sites  at  a 
distance  from  the  cantonment,  and  the  sites  for  this  purpose  should 
be  fixed  by  the  cantonment  authority. 

Authorised  accommodation  for  European  troops  on  the  plains— 

The  authorised  accommodation  for  European  troops  in  barrack  rooms 
(dormitories)  on  the  plains  is  1,440  cubic  feet  of  airspace  and  90  square 
feet  of  floor  area  per  man  ;  in  day-rooms  it  is  20  square  feet  of  floor 
area,  Dormitories  should  usually  be  24  feet  wide  so  as  to  allow  of  two 
rows  of  beds  only,  and  16  feet  high  to  the  beam.  Each  dormitory 
should  accommodate  not  less  than  16  and  not  more  than  24  men.  Two 
beds  only  are  to  be  placed  between  adjoining  doors,  with  9  inches  clear 
between  each  bed  and  the  door.  Verandahs  are  to  be  10  feet  wide 
in  the  clear;  the  verandah  supports  should  be  posts  of  wood  or  stone. 
All  buildings  occupied  by  British  troops  in  the  plains  are  to  have 
double  roof  coverings  or  ceilings  under  a  single  roof. 

Authorised  accommodation  for  European  troops  on  the  hills.-- 

Thehill  type  of  hut  or  barrack  is  divided  into  bays,  each  consisting  of 
6  running  feet  of  a  building  20  feet  broad,  with  a  9-foot  verandah  m 
front  Each  bay  provides  accommodation  for  two  men,  giving  60  square 
feet  of  floor  area  and  600  cubic  feet  of  air  space  per  man.  Dining  or 
dav-room  space  is  provided,  either  by  additional  bays  in  prolongation 
of  the  dormitories,  with  or  without  partitions  between  on  the  scale 
of  2  bavs  for  12  to  18  men  ;  or,  by  enclosing  the  verandahs,  which  thus 
form  the  dining  rooms  for  the  men  accommodated  in  the  corresponding 
W  under  the  main  roof.  The  local  military  authorities  decide  which 
style  of  hut  is  to  be  adopted-  The  size  of  the  huts  or  barracks  will 
depend  on  the  sites  available,  but  they  should  be  built  to  house  a  whole, 

half,  or  a  quarter  company  each.*  

—  ~      »  A,  R  I.,  Vol.  XII,  pp.  29-30 
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The  entire  barrack  should  be  arranged  so  as  to  facilitate  freedom 
of  surface  drainage  and  ventilation,  and  there  should  be  some  approach 
to  uniformity.  The  individual  barracks  should  not  be  closer  to  one 
another  than  twice  the  height  from  the  eaves  to  the  ground. 

Foundation. — It  is  always  necessary  to  have  a  solid  impermeable 
foundation  consisting  of  concrete  or  other  water-tight  material  below 
the  surface  {to  keep  out  groundwater  and  impure  air)  and  a  plinth 
above,  and  the  latter  should  be  at  least  a  few  feet  high.  These  are 
indispensable  where  the  subsoil  water  is  near  the  surface.  Raising 
barracks  on  arches,  pillars,  or  columns,  in  addition  to  an  impermeable 
foundation,  keeps  out  subsoil  water  more  thoroughly. 

The  foundation  should  be  followed  by  the  basement  walls  con- 
structed in  trenches  below  the  surface ;  next  the  plinth  should  extend 
oyer  the  whole  area  to  be  occupied  by  the  barrack,  and  to  a  little 
distance  beyond  the  lines  of  the  house  walls  on  fill  four  sides,  and  on 
the  sides  where  the  verandahs  are  to  be  constructed  the  plinth  is  to 
extend  for  the  whole  width  of  the  verandahs.  The  plinth  may  be  of 
stone  or  brick  throughout,  or  it  may  be  arranged  in  arches  or  low 
separate  columns  with  spaces  between,  on  which  the  stone  or  brick  or 
other  floor  is  to  be  supported. 

The  floors  should  always  be  constructed  of  some  impermeable 
material,  and  should  slope  slightly  towards  the  drainage  outlet. 

In  general  the  best  Oooring  is  flags,  next  tiles,  glazed  bricks  on 
edge,  or  cement.    In  such  floorings  vermin  and  insects  do  not  collect 
VVooden  floors  are  to  be  avoided— they  are  attacked  by  insects  and  decay 
and  beneath  them  all  forms  of  vegetable  and  animal  life  often  thrive. 

Damp-proof  course. -From  what  has  been  stated  it  will  be  seen 
that  unless  a  barrack  is  shut  off  from  the  subsoil  water  by  an  imper- 
meable foundation  and  a  damp-proof  course,  the  subsoil  water  is  sucked 

,nt.  T  ^'m  ^"'^         ^^^^^         ^^'i^  damp  and 

unhealthy  because  they    predispose  to  chills,  as  the    heat  of  our 

bodies  IS  abstracted  to  evaporate  the  moisture  from  the  inner  surface 
of  the  walls  Dan,p  walls  also  interfere  with  ventilation  by  the  water 
rome'extelt  b  ^^'^^^^^  ^^^ougU  tl.e  walls.  i)amp  w^alls  mi;  t^ 
W  in  rnn      I  u^'"^^^  ^i'^ddw.  and  lighting 

fires  in  rooms,  but  when  a  barrack  is  unprotected  from  the  subsoil  watef 
such  measures  are  only  of  temporary  use. 

found^atTcJi^'Yf  °i  ^  damp-proof  course  and  impermeable 

Smit  o?'s.  1  M    """u"^'^  P°^°^^  '^'"^'^^'^  «f  the  walls 

R  Zl  if  sucked  into  houses,  as  the  air  of  houses 

mZe  ^it^'^'T'  '^'^  air  is  very 

?  om   00  ,nTonV^"^^^^  ''""^^"^     ^^^^^'^  dioxideLan  amount  vary^ 

ubberTube^^^  ^^.^ '-^djnsl in^  iL 

ruDDer  tubes  a(  dingcnal  corners  of  a  brick  we  can  i.|„w  out  n  c-i..rll,^ 
troui  ouetuhe  to  the  other,  or  by  putting  one  ol  the  end«  of  an  ungS 
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brick  into  water  the  whole  brick  sucks  up  water  by  capillary  attraction 
on  account  of  its  porous  nature,  these  pores  in  the  dry  state  being  filled 
with  air.  An  ordinary  brick  9|"  x  x  2^"  holds  Ifi  ounces  of  water. 
Hence  unless  a  barrack  constructed  of  brick  is  shut  oiJ  from  the  subsoil 
water  by  an  impermeable  foundation  and  a  damp-proof  course,  the 
subsoil  water  is  sucked  into  the  walls  of  the  barrack. 

All  well  made  houses  are  provided  with  a  damp-proof  course 
through  the  middle  or  lower  part  of  the  plinth  and  along  the  walls 
above  their  junction  with  the  surface.  Various  forms  of  damp-proof 
courses  are  used— perforated  hard  glazed  brick,  or  slate  ;  or  a  layer  of 
two  inches  of  slaked  lime  thoroughly  mixed  with  some  vegetable  oil  is 
spread  over  the  foundation  below  the  plinth  allowing  this  to  set  for  a  few 
days,  ihe  bricks  or  stones  of  the  plinth  being  afterwards  carefully  and 
evenly  laid  upon  it,  care  being  taken  not  to  crack  or  break  it.  Any 
good  impermeable  building  material  may  be  usi  d  for  this— even  tarred 
bricks,  the  bricks  being  heated  to  redness,  thrown  into  boiling  tar,  and 
rolled  in  dry  sand. 

The  walls  of  a  barrack  should  not  he  too  thick  ;  thick  walls  make 
the. building  hot  by  day  and  it  does  not  cool  rapidly  at  night. 

The  direct  sun  heat  has  to  be  excluded  from  barracks,  as  apart  from 
the  effects  of  its  heat  on  the  occupants,  it  tends  to  destroy  furniture  -it 
cracks,  splits  and  warps  all  wooden  articles  and  blisters  varnished  ones. 

Eoof.— The  roof  should  be  substantially  built.  The  coolest  and 
probably  the  best  roof  is  made  double  and  sloping.  For  this  purpose 
we  may  use  double  layers  of  tiles.  When  double  tiles  are  used  they 
should  be  laid  on  wood.  If  corrugated  iron  is  used  for  building 
barracks  or  huts,  it  should  be  close-boarded  beneath  or  lined  with  some 
form  of  thick  felt,  both  as  to  roof  and  walls.  Corrugated  iron  alone, 
whether  for  the  entire  barrack  or  hut,  or  the  roof,  is  intensely  hot  in  the 
summer  and  cold  in  the  winter. 

Roofs  with  a  ceiling  cloth  beneath  are  abominations  that  should  be 
condemned.  Usually,  however,  the  best  material  available  an  the  locality 
is  used.  and.  can,  as  a  rule,  be  adopted  to  carrying  out  the  principles  laid 
down  in  the  foregoing  remarks. 

The  eaves  of  the  roof  should  extend  well  outside,  the  walls  to  permit 
of  rain-water  falling  free  of  all  parts  of  the  building  on  to  the  paved  or 
impeimeable  area  below.  The  verandah  roofs  (if  these  are  separate 
f3  t^e  creneral  roof)  should  also  be  provided  with  arrangements  o 
ca^y  oS^  aii-water  Iree  of  the  plinth  below.  All  barracks  should 
cany  on  carrying  ofif  the  rain-water  irom  roofs  into 

Tck^dmin      In  new  barfacks  all  doors  and  windows  should  be 
^Td  titl  mSsquHo^^^^t-oof  wire-gauze  set  in  the  framework.  In 
provided  J^;'^^^^^^^^^      ,t  is  also  desirable  to  provide  mosquito- 

barracks  already  ^^^^'^'^^^^w  '  dows  This  may  consist  of  brass,  copper 
Ttfnnlrr  ^ftn^a  tIeTrti  t^^:  sqnLe  inch,  .11  verandahs 
^^iglTllth  advantage  be  protected  with  wue-guu.e  iu  the  same  way. 
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Thatch  roofs  were  to  some  extent  used  in  barracks  many  years  ago 
flpd  are  very  oommon  in  private  bungalows  in  cantonments  still.  These 
rppfs  , consist  of  a  bamboo  framework  upon  which  is  laid  a  thatching  of 
long  grass,  palm  leaves  or  other  material.  They  are  cooler  than  most 
■  flther  roofs  They,  however,  require  to  be  reoaoved  every  two  years 
.or. so,  as  the  thatch  rots;  they  are  highly  inflammable,  harbour  snakes, 
rats  and  other  vermin,  and  are  a  favourite  place  for  birds  to  roost  in. 
They  are  very  popular  with  mosquitoes,  both  during  the  breeding  season 
and  when  these  insects  are  hibernating  and  estivating. 

Verandahs.— Every  well  made  barrack  in  India  should  have  a 
verandah  either  all  round  or  at  least  on  two  or  three  sides.  This  is 
necessary  to  protect  the  interior  of  the  barrack  from  the  sun  and  the 
walls  from  driving  rain,  and  for  general  convenience.  When  verandahs 
are  on  three  sides  the  north  one  shoiild  be  free.  The  pillars  supporting 
the  verandah  should  be  light  in  structure  and  ascend  from  the  plinth; 
the  phnth  and  verandah  are  thus  not  affected  by  the  sun  or  by  rainfall. 
Verandah  roofs  should  be  as  high  as  compatible  with  the  structure  of  the 
barrack  ;  they  should  not  slope  excessively  as  this  would  exclude  sunlight 
from  the  rooms  ;  yet  they  should  not  be  too  horizontal  or  this  would  allow 
a  hot  sun  to  beat  m  on  the  verandah  for  several  hours  each  day.  When 
only  one  side  of  the  barrack  can  be  provided  with  a  verandah,  this  should 
be  constructed  in  front,  and  formed  of  a  raised  plinth,  which  should  if 
possible,  be  properly  flagged  or  paved.  This  gives  the  space  of,  and 
serves  as  an  additional  room  to  work  in,  and  is  an  excellent  provision 
by  permitting  the  due  airing  and  ventilation  of  the  other  rooms.  The 
roo  of  the  verandah  should  be  a  few  feet  below  the  main  roof  of  the 

,ii?'-''^>        n  ."'^^^      P*"^^'^^  "^^'^  ^=^^^11  windows  in  the 

intervals  in  the  wall  between  the  two  roofs. 

The  barrack  rooms  require  to  be  much  higher  than  in  temperate 
chmates  to  keep  down  the  heat,  as  the  heat  given  off  from  the  X  is 
m  inverse  ratio  to  its  height  from  the  occupants.    The  average  heU 
recommended  is  16  feet.    If  it  is  higher  thin  this  then  beamfhave  to 

whe?el'  ''''''  '''''-^'^'^  «nspension  of  punkal 

where  electric /an s  are  not  in  use.  i-^uuKaii 


to 
a 


r...J  l^  '"1^"'       ^^'"^^^^  ^'^oi^^  should  be  shielded,  as  far  as 

practicable  from  the  direct  rays  of  the  sun  by  deep  and  high  veranSahs 
If  this^Ks  not  done  and  the  verandah  is  low,  the  h  gher  par't  of  the  wa U 
gets  very  hot  and  gives  off  its  heat  to  the  air  of  tlie  room  withi  Sne 
flm  tie  hea"     C""  °'  "le  verandah  is  to  protect  the  outer  wall 
ome  form  !f       /  ^       ''^^'^  then  there  should  be 

wTanrl  l  'T^  Ventilation.  Verandahs  should  be  at  lea.^t  10  feet 
wide  and  even  wid^^^  a  fair  and  effective 

doorJlLT'^^"''"?^™""^'  ventilating  the  barracks  of  troons  arP 
pS  ttrriliT'^  hill  stations,  and  In  Northern  India  oT  fci  : 
plains  the.e  ate  also,  m  many  stations,  fireplaces.    In  a  few  cases  there 
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are  special  ventilators  let  into  the  walls,  and  in  some  also  there  is 
ridge  or  eaves  ventilation.  All  barracks  should  have  windows  at  the 
tops  of  the  rooms  to  get  rid  of  foul  air.  These  should  be  as  near  the 
top  of  the  outer  walls  as  possible,  otherwise  there  is  a  layer  of  stagnant 
foul  air  above,  which,  when  the  room  cools,  descends.  In  the  absence 
of  these  high  windows  there  should  be  ridge  or  other  form  of  roof 
ventilation.  Practically  all  European  soldiers'  barracks  in  India  are 
now  so  constructed  that  there  should  be  no  difficulty  in  connection  with 
ventilation  if  the  doors  and  windows  are  adjusted  properly.  In  many 
of  our  Native  troops'  barracks,  however,  the  ventilation  is  decidedly 
defective,  and  the  cause  of  this  is  generally  the  absence  of  windows. 
For  the  same  reason  the  barrack  rooms  are  in  many  stations  dark 
during  the  day.    The  artificial  lighting  at  night  is  defective. 

As  a  rule  air  that  has  been  expired  and  warmed  rises  to  the  higher 
parts  of  rooms  and  leaves  by  any  outlets  there,  and  fresh  air  enters  by 
the  lower  openings.  If  the  doors  and  windows  of  barrack  rooms  and 
the  upper  skylights  are  kept  open,  this  is  what  usually  occurs.  Ihe 
windows  and  doors  of  every  barrack  room  should  communicate  with  the 
external  air.  The  large  numbers  of  doors  and  windows  to  Indian 
barrack  rooms  render  any  accessories  to  ventilation  unnecessary,  i  here 
is  a  rooted  prejudice  amongst  some  soldiers,  especially  Native  soldiers, 
ag.inst  so-called  draughts,  and  this  is  responsible  for  much  of  the 
aerial  impurity  of  barrack  rooms. 

The  lighting  of  the  soldiers'  barrack  is  capable  of  some  improve- 
ment.  although  the  question  is  difficult  in  the  almost  universal  absence 
of  both  gas  and  electric  lighting. 

There  are  many  types  of  barracks  in  existence  in  India  varying  from 
1        rlmihlP-storied  block  intended  to  accommodate  a  whole  batta- 
H  r^uch'a"^^^^^  BarracKs  in  Fort  William,  Calcutta,  to 

single  storied  buildings  to  hold  one  company  or  half  a  company. 

Whilst  the  older  pattern  barracks  have  their  defects  much  rnay  be 
done  w' uf  onrpr:L^t-d  sanitary  applinnces  and  organisation  to 
niake  them  healthy  dwelling  places  for  our  soldiers. 

B.— Sanitation  of  Barkacks. 
(a)  European  Troops. 

and  company  commanders.  ,  ^         „f  tlie  men,  exposure 

liness  of  th.  barrack  room    1  e  P--nal  h  ^^^^^ 

°j  -       care  or  latrine,  and  urinals,  etc. 


GENERAL  HYGIENE. 


251 


Barrack-rooms — The  main  sources  of  contamination  of  air  in 
barracks  are — the  products  of  respiration,  combustion,  decomposition 
and  dust.  Such  diseases  as  tuberculosis  of  the  lungs,  pneumonia,  and 
sorethroat,  due  to  special  germs,  are  liable  to  be  communicated  through 
the  air  of  barrack-rooms  from  infected  men  to  the  healthy  when  ventila- 
tion is  defective,  and  especially  when  the  superficial  area  per  man  is 
restricted  and  the  men  brought  closer  together.  There  is  a  certain 
amount  of  dirt  being  constantly  brought  on  the  boots  of  the  men,  of 
hawkers,  and  of  hangers  on.  These  latter  should  as  far  as  practicable 
be  excluded  from  barracks. 

The  best  test  as  to  the  purity  of  the  air  in  a  barrack  room  or 
tent  is  the  feeling  of  freshness  in  the  room  on  first  entering  it  from 
the  outside  air  ;  this  test  is  best  applied  after  all  the  men  have  been 
in  bed  some  time.  Any  appreciable  difference  or  stufiSness  indicates 
defective  ventilation  (see  p.  156). 

White-washing. — The  interior  of  the  barrack-room  walls  is 
white-washed*  twice  a  year,  and  every  four  years  the  woodwork  is 
painted.  White-washing  acts  as  a  mild  disinfectant  and  helps  to  ward 
off  mosquitoes.  Before  repeating  the  white-washing  the  old  lime 
coating  should  be  scraped  off,  and  the  wails  thoroughly  washed  and 
allowed  to  dry.  White-washing  is  a  valuable  means  of  removing  dirt 
dust,  and  germs  from  walls.  When  an  infectious  disease  breaks  out 
epidemically  in  a  barrack-room,  the  walls  of  the  room  should  be 
thoroughly  scraped  and  white-washed  before  re-occupation. 

For  the  outside  of  the  barrack  a  colour-wash  of  cream  or  grey  is 
preferable,  for  although  white-wash  is  cooler  by  reason  of  reflectiufr 
back  practically  all  the  heat  rays  of  the  sun  to  the  air,  it  is  very  trvinS 
to  the  eyes  on  account  of  the  glare  from  it.  j  e> 

_  As  most  barracks  have  stone  floors,  there  should  be  no  difficultv 
in  keeping  them  thoroughly  clean  without  deluging  them  with  watei- 
In  sweeping  the  barrack  room,  moist,  used  tea  leaves,  or  green  leaves  of 
any  kind,  help  to  keep  down  dust.  Where  there  are  boarded  ^oors  as 
in  the  barracks  of  some  hill  stations  for  European  and  Gurkha  troops 
he  water  used  for  washing  floors  passes  between  the  boards  and  kee^^^ 
the  room  damp ;  it  mixes  with  the  dirt,  dust  and  microbes  gathered 
beneath,  and  helps  the  multiplication  of  the  latter.  gathered 

it  clel^hnf'fr'n'  ^^'i^l^  '"^"^^^^  dry  scrubbing  will  sufSce  to  keep 
wpi     T    ?     ""'H  necessary  to  wash  the  barrack  floor  onc«  a 

Zr:J\     ""^J^ll         '''^'''''^  ^^^^^  be  used  to  scrub  the 

up  as  th.       fh-*^'  '"'P'  ^^^^^^  °f  ^^'^^  «^°-'d  be  mopped 

Wrvn  n^.  f  ?^  •  P'-^^'^^ds."  Washing  of  barrack-room  floors  with 
whf  f.?  T    ""^i"'^^"'    unnecessary  and  unhealthy.    There  is  no  reason 

men  t  ttT^         ^^^^'^^^  ^^^'^^^  ^^-^^bed  down  by  he 

"^^^^_^^^^he^san^way  as  is  done  in  the  home  barracks.  ^ 
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The  washing  should  be  done  in  the  morning  when  the  men  are 
asually  but,  to  allow  of  the  drying  of  the  room  before  bed  time,  and 
ddors  and  windows  must  be  left  open  to  hasten  drying.  It  is  advisable 
to  avoid  washing  floors  in  wet  weather. 

Walls,  which  usually  contain  dust  and  dirt,  including  disease- 
germs,  should  be  \^iped  with  a  wet  cloth. 

Mops,  scrubbing  brushes,  brooms,  dust-pans,  and  pails  used  for 
cleaning  the  barracks  should  be  kept  in  a  cupboard  in  the  verandah. 
The  practice  of  sweepers  entering  barrack  rooms  and  using  a  broom 
.for  sweeping  the  floor  is  objectionable.  The  same  broom  may  have 
been  used  in  the  latrines.  All  tie  cleaning  up  that  is  necessary  in  a 
barrack  room  should  be  done  by  the  soldier  himself,  and  this  applies 
to  both  the  European  and  Native  barracks.  The  same  remark  holds 
good  for  officers'  bungalows,  in  which  the  sweeper  uses  his  broom  tor 
everything— the  house,  carpets,  dining  room,  the  kitchen,  stable,  the 
compound  and  the  latrine  ;  it  should  be  done  by  some  other  servant. 
The  practice  of  sweepers  cleaning  rooms  cannot  be  too  strongly  con- 
demned. 

The  floors  of  all  coffee-shops,  canteens,  Army  Temperance 
Associatioti  rooms,  and  all  1-egimental  institutes  visited,  by  soldiers, 
should  be  broomed  or  brushed  daily  by  soldiers.  In.  doing ,  this 
Ihe  floor  liiight  b6  first  covered  with  inoist,  used  tea  leaves,  or 
green  leaves  of  any  sort;  it  should  ^^Wotn^e^f 
sprinkle  the  floors  with  water,  but  if  water  has  to  be  used,  it  should  be 

sterilised. 

The  tables  off  which  the  men  eat  should  be  kept  scrupulously 
clean.  The  use  of  table-cloths  greatly  facilitates  this.  Plates  and 
dishes  should  be  supplied  in  suBBcient  numbers. 

Food  should  never  be  stored  in  barrack  r6oms,  -  It  is  often  kept 
on  shelves,  in  kit  boxes,  under  the  beds,  and  in  other  places  exposed 
to  duetTnd  flies.  Every  dining  room  should  have  suitably  designed 
tee-  or  S  in  which  men  could  deserve  or  keep  back  uneaten 
S  with  so  n^  reasonable  chance  of  its  remaining  sweet  and  clean 
Cupboall  inside  barrack  rooms  should  never  be  repositories  for  food 
as  this  attracts  flies. 

The  arrangements  for  washing  up  during  and  after  meals  are  im- 
nvt^nt     -  In  all  cases  the  sanitary  orderly  of  the  company,  under  the 
portant.       in  ai^  superintend  the  washing  up  after  every  meal 

section  dishes,  plates,  mugs,  knives  and 

and  be  responsible  to  him.  ^  ^/^^"^'^^^i  ^^^.^  or  for  food  storage, 
forks,  tubs  and  ^^b-  utensils^^^^^^  ^^^^  ^^^^^^^^^^ 

should  he  scoured  floor  or  taken  to  outside 

^'^^^^'  ^^^t'^^     -arked  Miahe. Bl^ld  .be 
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provided  for  the  washing  up  of  euoh  utensils  and  used  for  no  other 
purpose.  Glean  cloths  only  should  He  employed  for  washing  utensils 
in  the  bath,  which  must  be  well  supplied  with  hot  water  from  the  cook- 
house. 

All  the  cloths  used  for  this  purpose  should 'be .  washed  daily  and 
hung  to  dry  on  the  scullery  table,  each  cloth  being  marked  "  dish-cloth" 
in  large  letters.  For  the  scouring  of  tea-cans,  meat  dishes,  knives  and 
forks,  clean  bath-brick  shaken  from  a  perforated  tin  kept  for  the  pur- 
pose should  only  be  used.  The  use  of  casually  collected  sand  for  this 
purpose  must  be  forbidden.  The  scullery- table  should  be  inspected 
daily  by  the  orderly  officer,  and  the  dining-room  should  be  provided 
with  a  conveniently  placed  sink  with  hot  and  cold  water.  The  carrying 
out  of  these  details  will  be  facilitated  by  the  issue  of  an  order  board, 
signed  by  the  Adjutant,  to  the  sanitary  orderly  of  the  company, 
squadron,  or  battery,  whose  especial  duty  should  be  to  superintend  the 
cleaning  by  cleanly  means  of  everything  Used  by  the  men  at  their 
meals. 

There  should  be  systematic  arrangements  for  washing  up  in  all 
dining  halls  and  verandahs  used  for  dining  in.  The  following  is 
carried  out  in  Cairo  by  all  troops  in  the  command : — ■ 

The  Order  Board  reads  as  follows  : — 

Instructions  for  the  Sanitary  Orderly  superintending 

THE  WASHING-UP  OF  DISHES  AFTER  MEALS. 

(1)  All  cans,  meat  dishes,  plates,  mugs,  knives  and  forks,  bath 
tins,  and  other  Utensils  used  at  meal  times,  should  be  scoured  or 
cleaned  on  the  scullery  table  of  the  company  on  the  verandah  or  in  the 
barrack  room,  and  not  placed  on  the  floor  or  taken  to  outside  taps.. 

(2)  One  bath,  marked  "  Dishes,"  and  one  ration  tin  should  be 
used  in  the  washing-up  of  such  utensils.  They  should  be  filled  with 
boiled  water  from  the  cook-hou$e.  After  a  meal  the  utensils  should  be 
first  washed  lu  the  bath  and  then  passed  through  the  water  of  the  ration 
tin  contairnng  half  a  teaspoonful  of  permanganate  of  potash  dissolved 

(3)  Washing  baths  for  dishes  should  on  no  account  he  used  for 
other  purposes.  . 

(4)  Clean  S2mige  cloths  only  should  be  employed  for  ivashinn 
^itens^ls^nthebcUK..A^^^^^  should  be  well  wasd.ed  n  c  ean  wat  ? 
before  drying.  These  sponge  cloths  with  the  drying  cloths  shmdd 
be  hung  to  dry  on  the  scullery  table. 

(5)  Only  clean  bath-brick,  shaken  from  a  tin  (coffee  tin  tniih 
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(6)  Thie  sanitary  orderly  of  the  company,  under  the  non-commis- 
sioned officer  of  the  room,  should  superintend  the  washing-up  after 
every  meal  and  be  responsible  to  him. 

The  reason  for  haying  a  scullery  table  is  that  everything  used  by 
the  men  at  their  meals  and  for  carrying  their  food  to  them  should  be 
cleaned  by  cleanly  means  on  a  table  and  away  from  the  floor  or  the 
ground* 

All  men,  both  European  and  Native,  should  invariably  wash  their 
hands  before  taking  their  meals. 

In  the  most  approved  barracks  of  the  present  day,  such  as  those 
in  Quetta  and  other  stations,  there  are  separate  dining  halls  connected 
with  the  main  barracks  by  means  of  a  covered  way.. 

Bedding. — All  the  bedding  should  be  taken  out  into  the  open, 
thoroughly  shaken,  aired  and  sunned  for  at  least  two  hours  every  week. 
It  is  not  generally  known  that  about  8  per  cent,  of  the  men  wet  their 
bedding  at  night  at  least  once  a  month.  If  bed  sheets  ai-e  used  they 
should  be  changed  at  least  once  a  fortnight. 

Each  man  should  invariably  use  his  own  bedding  and  towel. 
Whenever  the  bedding  is  infected  by  disease-germs,  it  should  be 
thoroughly  disinfected  at  the  hospital.  European  troops  should  be  pre- 
vented from  using  their  blankets  as  a  carpet.  The  blanket  collects 
germs  from  the  boots,  which,  when  the  blanket  is  used  in  the  bed, 
opens  the  way  to  infection  by  disease-germs. 

The  bed  cots  should  also  be  cleaned  outside  the  barrack  and 
allowed  to  remain  in  the  sun  for  a  few  hours  once  a  week.  Hugs  adhere 
to  the  chinks  in  furniture,  bed  cots,  in  the  bedding,  between  the  wall 
and  the  white-wash,  and  are  sometimes  difficult  to  eradicate.  Soaking 
of  the  furniture  and  bed  cot  in  kerosine  oil  kills  the  bugs  and  prevents 
the  eggs  from  hatching.  Blankets  may  be  disinfected  by  heat. 
Thorough  cleanliness  prevents  the  occurrence  of  such  verrnin  as  lice, 
fleas,  and  bugs. 

The  bedding  of  all  men  who  go  to  hospital  should  be  kept  separate 
in  the  company  or  double  company  store  room.  This  prevents  the 
blankets  of  a  possibly  infected  man  being  mixed  up  with  those  of 
other  men.  All  blankets  should  bear  the  regimental  number  by  which 
it  can  be  at  once  known.  The  bedding,  kit,  and  feeding  utensils  of  all 
men  who  go  to  hospital  for  infective  disease  should  be  sent  to  the 
hospital  for  disinfection.  When  this  is  carried  out  they  will  be  returned 
to  the  company  or  double  company  stores.  As  soon  as  such  a  case 
comes  to  hospital,  or  is  diagnosed,  the  medical  officer  in  charge  should 
send  for  these  articles,  and  the  company  commander  or  some  non-com- 
missioned officer  deputed  by  him  should  see  that  the  particular 

•  Major  I.  K.  ULackham,  il.A.M.C,  Military  Sanitation,  p.  78. 
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man's  bedding  is  sent.  This  is  a  matter  of  considerable  importance  in 
connection  with  such  infectious  diseases  as  typhoid  fever,  dysentery, 
infective  diarrhoea,  tuberculosis,  syphilis,  ophthalmia,  and  certain  skin 
diseases,  such  as  scabies  (itch)  and  ringworm. 

The  heads  of  the  beds  should  not  be  nearer  than  12  inches  from  the 
walls,  and  at  least  a  yard  should  exist  between  each  bed.  This 
permits  of  a  current  of  air  all  around  the  bed,  accessibility  to  the 
wall  and  floor  at  the  head  of  the  bed  for  cleaning,  and  prevents  close 
aggregation  of  the  men  when  sleeping. 

When  weather  permits  windows  and  doors  should  be  kept  wide 
open  all  day  and  night.  All  the  light  and  air  available  should  be 
allowed  to  enter  barrack  rooms.  There  are  only  a  few  months  of  the 
hot  weather  in  which  this  rule  cannot  be  adopted,  but  even  then  the 
doors  should  be  closed  as  late  in  the  morning  and  as  early  in  the 
afternoon  as  the  heat  of  the  weather  permits. 

Dogs  and  other  domestic  pets  should  not  be  kept  in  barrack-rooms.* 

FuYxkaha.—  PunJmhs  assifit  ventilation  and  add  to  comfort,  for  they 
help  to  distribute  the  air,  create  currents,  facilitate  evaporation  of 
moisture  from  the  surface  of  the  body,  and  the  air  currents  increase 
the  speed  of  radiation  of  heat  from  the  body.  When  the  air  is  still 
and  hot  ventilation  is  very  slow.  It  is,  however,  risky  to  come  into 
rooms  with  punkahs  and  tatties  when  perspiring  and  feeling  hot,  for 
the  body  will  then  cool  down  rapidly  and  a  chill  arise.  ' 

The  punkah  does  not,  however,  lower  the  temperature  of  a  room 
or  affect  its  humidity,  but  it  increases  the  movement  of  air  and  thereby 
removes  more  heat  from  the  body.  Evaporation  is  usually  accelerated 
by  increased  conduction,  and  thus  the  punkah  helps  to  increase  the 
amount  of  heat  given  off  from  the  body.  This  increase  of  evaporation 
does  not  occur  if  the  air  is  already  saturated  with  moLsture,  hence  a 
punkah  cools  more  in  a  dry  air  than  during  the  rains,  or  in  the  dry 
climate  of  Northern  India  in  the  summer  than  that  of  Lower  Bengal. 

When  the  temperature  of  the  air  of  a  room  is  much  warmer  than 
that  of  our  bodies,  the  walls  of  the  room  having  been  heated  by  the 
sun  and  the  hot  air  coming  in  from  outside,  there  is  no  loss  of  body 
heat  by  radiation,  all  heat  then  lost  is  by  evaporation,  and  the  extent 
of  this  IS  regulated  by  the  dryness  of  the  air.  Hence  the  heat  with  a 
temperature  of  say  over  100^  F.  in  a  very  damp  air  is  felt  much  more 
than  one  ot  the  same  temperature  with  a  very  dry  air. 

In  some  stations  with  a  dry  atmosphere  perflation  and  cooling 
ot  the  air  by  thermanhdotes  may  add  to  the  comfort  of  the  men  in  the 
hot  weather,  but  as  a  rule  they  cannot  be  recommended,  particularly 
xn  the_  case  of  the  drier  and  hotter  climate  of  Northern  India  before 
the  rains  set  in  (see  p.  165). 

*  King's  Regulaiiom,  1908,  §  1008. 
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Water.— No,  uncovered  water  should  be  allowed  inside  barrack 
rooms,  and  the  formation  of  pools  and  other  collections  of  stagnant 
water  outside  barrack  rooms  should  be  prevented. 

All  61ters  and  cisterns  in  barrack  rooms  should  be  in  charge  of 
inen  who  have  been  specially  instructed  in  the  uses  and  care  of  them. 

Wash-houses. — The  wash-house  should  be  kept  clean  and  com- 
fortable. There  should  be  a  sufficient  number  of  basins  in  the  ablution 
room.  Men  should  always  empty  and  clean  the  wash-hand  basins  after 
using  them,  even  when,  as  should  be  the  case,  each  man  has  his  own 
basin.  The  wet  towels  after  use  should  be  hung  up  to  dry,  and  not 
placed  over  or  under  the  bed  or  under  the  pillow. 

Gratings  are  to  be  supplied  in  front  of  the  basin  stands,  over  the 
central  drain  and  in  each  private  bath-room ;  these  and  the  basin  stands 
are  classed  as  fixtures.  Iron  reservoirs,  to  contain  about  120  gallons 
for  a  company  wash-house,  should  be  provided,  and  the  water  laid  on 
from  them  with  pipes  and  taps  to  the  basins  and  bath-rooms]  Eight 
bath-rooms  are  allowed  per  company  on  the  plains.  The  private  bath- 
rooms are  to  have  doors  and  fastenings  and  pegs  to  hang  clothes  on. 
The  wash-houses  are  9  feet  high  if  with  a  pent  roof,  and  12  feet  if  the 
roof  is  flat  (A.  R.  I.,  Vol.  XII). 

There  should  be  facilities  at  all  seasons  for  men  to  bathe.  In  the 
hot  weather  these  are  usually  provided  in  the  shape  of  swimming  baths 
in  which  clean  water  is  constantly  kept  flowing  in.  In  the  winter, 
however,  special  arrangements  should  be  made  to  provide  a  certain 
amount  of  hot  water  in  wash-houses  for  men  to  bathe  in.  The 
question  is  a  difficult  one  and  chiefly  connected  with  the  provision 
of  fuel.  It  is  specially  difficult  where,  as  is  usually  the  case  in  this 
country,  the  barracks  are  widely  separated  and  no  central  bathing 
place  is  in  existence.  The  present  arrangements  of  company  cook- 
houses in  India  do  not  lend  themselves  to  the  heating  of  large 
quantities  of  water  for  bathing  purposes.  Much  can,  however,  be 
done  and  should  be  done,  and  for  the  present  this  must  be  left  entirely 
in  the  hands  of  regimental  administration,  the  point  being  that  every 
man  should  have  facilities  for  taking  a  warm  bath  at  least  once  a  week 
in  the  cold  weather  and  a  cold  or  a  warm  bath  twice  a  week  in  the  hot 
weather.  This  is  essentially  necessary  for  the  minimum  amount  of 
personal  cleanliness  compatible  with  the  prevention  of  skin  diseases, 
vermin  and  sore  feet. 

The  use  of  shower  baths  of  hot  water  would  be  an  excellent  inno- 
vation as  it  saves  about  80  per  cent,  on  the  amount  of  water  required 
for  immersion  baths,  and  the  space  required  is  only  two-thirds  that  for 
ordinary  baths.  With  this  it  would  be  possible  to  supply  the  men 
with  enough  hot  water  for  a  daily  bath.*  


»  Captain  Lelkan,  K.A.M.O.,  Military  Hygiene. 
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Night  urinals — In  almost  all  barracks  a  movable  pail  or 
receptacle  is  used  at  night  as  a  urinal ;  it  is  placed  outside  the  barrack 
room  and  removed  in  the  morning.  This  should  invariably  be  a 
metal  cylider  provided  with  handles  and  a  water-tight  cover. 

If  located  in  verandahs  the  places  where  the  urine  receptacles 
stand  are  to  be  scrubbed  every  morning.  The  receptacles  should 
be  regularly  tarred  inside,  and  where  abundance  of  water  is  available, 
filled  with  it  during  the  day  and  emptied  at  night,  or  kept  empty  and 
exposed  to  the  sun.  When  in  use  they  should  be  partially  filled  with 
saw-dust,  dried  leaves,  straw,  or  grass,  and  on  the  hills  with  pine  needles, 
these  being  burnt  and  renewed  daily.  Night  urinals  require  to  be 
attentively  looked  after.  A  single  typhoid  fever  "  carrier  "  micturating 
on  the  ground  instead  of  into  the  receptacle  may  be  the  origin  of  several 
cases  of  the  disease. 

Dust-bins. — There  should  be  a  dust-bin  placed  conveniently  in  the 
neighbourhood  of  each  barrack.  They  should  be  movable  galvanised 
zinc  cylinders  with  handles  and  covers,  located  as  remotely  as  possible 
from  stored  water  and  the  kitchen.  They  should  be  emptied  at  least 
once  a  day.  The  "  ground  around  ash-bins  and  other  places  for  refuse 
should  be  cemented  or  hardened  to  prevent  soakage  of  foul  matter 
into  the  soil." 

Section  commanders  should  be  held  responsible  for  much  of  the 
sanitary  cleanliness  of  barrack  rooms  and  their  surroundings. 

Cook-houses.  -The  authorised  Hoor  is  stone-paved,  having  a 
slope  into  a  drain  to  facilitate  washing  the  floor,  this  drain  to  dis- 
charge into  a  receptacle  outside  the  building,  and  the  clmhla  plat- 
form is  to  be  two  feet  six  inches  above  the  floor  level  with  arched 
openings  beneath.  The  floors  of  all  kitchens  should  be  constructed  of 
some  impermeable  material  to  permit  of  their  being  scrubbed,  and,  if 
necessary,  flushed.  An  oven  .should  always  be  provided.  Automatically 
closing  doors  with  panels  of  wire-gauze  should  be  provided  for  all 
doorways,  and  wire-gauze  fixed  in  the  windows  in  place  of  glass. 

"  Kitchens  require  to  be  kept  sweet  and  clean,  and  cooking 
utensils,  tables,  chopping  blocks,  and  all  receptacles  for  food,  should  be 
cleaned  at  once  after  use." 

A  set  of  simple  rules  should  be  hung  up  in  every  cook-house  The 
following,  abstracted  from  Major  R.  I.  Blakham,  R.A.M.C,  Military 
bamtaUon  p.  76  et  seq.,  are  an  excellent  example  of  what  such  rules 
should  consist  of. 

Rules  for  Cook-houses  Regiment 

1.  Every  person  employed  in  the  cook-house  will  waah  his  hands 
on  entenncf  the  kitchen. 
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2.  The  master  cook  will  be  responsible  that  special  clothing  is 
invariahly  worn  by  all  persons. 

3.  Floors  will  be  flushed  out  daily  ivith  hot  water  and  scrubbed 
with  hot  water  and  soap  at  least  once  weekly. 

4.  Sinks  and  pipes  will  he  flushed  with  strong  soda  solution, 
made  hy  adding  two  ounces  of  washing  soda  to  a  quart  of  boiling 
water  at  least  once  weekly. 

.5.  Jharans  will  be  given  to  each  cook  hy  the  non-commissioned 
ofbcer  in  charge  daily-  They  will  invariahly  he  washed  and  stored 
under  European  supervision. 

6.  All  refuse-bins  must  be  kept  covered  and  emptied  daily. 

7.  The  non-commissioned  officer  in  charge  will  see  that  muiti 
{earth)  is  not  used  for  cleaning  cooking  vessels.  Bath-brick  is  pro- 
vided for  the  purpose. 

8-  The  jemadar  will  be  responsible  that  any  case  of  illness  amongst 
the  native  cooks,  or  their  families,  is  promptly  reported. 

9.  Chopping  blocks  ivill  be  scraped  daily. 

10.  All  milk  will  be  boiled  on  receipt  and  kept  in  a  covered  recep- 
tacle till  required. 

11.  Siveepers  are  not  to  he  allowed  to  enter  the  kitchen. 

12.  The  orderly  officer  will  see  that  all  cooking  utensils  are  pro- 
perly cleaned  and  put  away  after  the  evening  meal. 

All  kitchen  slops  should  be  passed  into  a  grease  trap  before  it  gets 
into  the  drains.  Such  a  trap  is  easily  made  by  filling  a  kerosine  oil 
tin  with  dry  grass  soaked  in  kerosine  oil,  and  perforating  tlie  bottom 
of  the  tin  with  a  nail,  the  grass  being  burnt  daily. 

The  slop  water  or  sullage  from  the  cook-houses  and  wash-hou.ses 
of  a  unit  of  European  infantry  amounts  to  about  1,C00  gallons  a  day. 
and  being  a  highly  putresible  fluid  this  has  to  be  got  rid  of  somehow. 
Up   to  the    present  there  is  no  really  efficient  method  advocated  for 
doincr    this   that  can  be  adopted  in  all  stations  successfully.  The 
bucket  system  is  now  largely  adopted  for  kitchens,  the  slops  being 
discharo'ed  into  covered  iron  receptacles  containing  from  5  to  8  gallons, 
which  ?re  kept  just  outside  the  cook-house.    They  frequently  overflow 
and  the  surface  around  is  constantly  being  soiled.     Tlus  will  connnue 
until  fenipnt  platlomi^  for  the  buckets  are  provided.    A  nuisance  is  thus 
often  ureated  and  flies  swarm  around.    The  contents  of  the  redeptacles 
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are  emptied  directly  into  the  waste-water  carts ;  the  emptying  of  them 
permits  of  further  pollution  of  the  soil  as  the  full  vessels  are  not  easy 
to  empty  without  spilling.  This,  unless  the  slops  were  first  passed 
through  a  grease  trap  oi-  subjected  to  downward  filtration  in  prepared 
soil,  may  lead  to  much  offensiveaess,  and  even  with  a  trap  and  filter 
calls  for  daily  attention.  The  carts  convey  the  slop  water  to  the  night- 
soil  trenches. 

In  the  new  pattern  kitchen  the  sink  will  be  in  a  separate  scullery 
room  and  separated  from  the  cook-room  by  a  fly-proof  door,  and  in  it 
the  cooks  will  keep  their  changes  of  clothing,  and  conveniences  for 
washing  the  hands  at  all  times  will  be  available. 

The  floor  should  be  brushed  once  a  day,  being  previously  sprinkled 
with  moist  used,  tea  leaves  of  which  an  abundance  are  always  available.* 
This  should  never  be  done  when  cooking  is  going  on,  The  sweeping 
should  be  done  by  the  cooks. 

All  food  should  be  carefully  stored,  and  always  protected  from  flies 
and  dust  which  may  directly  infect  it.  Acute  food  poisoning  may 
follow  the  use  of  food  placed  in  dirty  utensils,  or  in  places  fostering 
decomposition.  Unfortunately  cooking  does  not  safeguard  from  this 
form  of  poisoning,  for  although  it  destroys  the  microbes  that  produce  the 
ptomaines,  the  ptomaines  themselves  being  more  or  less  fixed  chemical 
compounds,  are  unaffected  by  boiling. 

Food  should  therefore  never  be  kept  in  any  place  that  is  dirty, 
near  dry  refuse,  latrines,  urinals,  or  slop  sinks  of  any  kind  in  or  near 
barrack  rooms,  huts,  or  tents. 

The  best  way  to  store  all  fresh  foods  is  to  hang  them  up  in  a  meat- 
safe  or  dooly^  which  is  suspended  in  the  open  air  from  the  roof  of  the 
verandah  in  the  shade,  so  as  to  allow  fresh  air  to  reach  it  on  all  sides, 
the  food  material  itself  being  kept  in  muslin  bags  to  prevent  the 
access  of  flies. 

Each  cook  should  have  three  suits  of  white  clothes  and  three  white 
caps.    They  should  change  their  ordinary  clothes  for  a  white  suit  before 
beginning  work;  where  the  new  pattern  kitchens  are  erected  this  should 
be  done  in  the  scullery.    They  should  wash  their  hands  with  soap  and 
water  before  entering  the  cooking  room  or  commencing  work.  There 
should  always  be  basins,  soap,  and  clean  towels  at  hand  for  this  purpose. 
The  cook-house  should  never  be  used  as  a  living  room — no  person 
should  sleep  in  it.    Flies  should  be  excluded ;  this  should  be  quite 
easy  with  automatically  closing  fly-proof  doors  and  fixed  fly-proof 
windows  and  sky  lights. 

»  The  tea  leaves  should  be  stored  and  any  that  can  be  spared  used   in  the 
sweeping  of  the  floors  of  barrack  rooms,  ♦ 
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Cooking  utensils  should  be  cleaned  with  boiling  water,  and  when 
it  is  necessary  scoured  with  powdered  bath-brick  from  perforated  tins, 
or  ashes  from  the  grate  and  coeoanut  fibre  or  coir  should  be  used.  There 
should  always  be  a  sufl&cient  number  of  clean  j/iarans  for  cleaning  and 
washing  utensils ;  economy  in  their  use  always  means  dirty  utensils. 
The  slops  of  the  cook-room  should  be  received  into  a  properly  covered 
metal  receptacle  brought  into  communication  with  the  kitchen  sink 
by  means  of  a  lead  pipe,  the  outer  opening  of  which  is  covered  with 
a  fly-proof  wire-gauze  netting.  On  no  account  should  kitchen  slops 
be  thrown  on  the  ground  outside  the  cook-house.  The  garbage  and 
other  dry  refuse  of  the  cook-house  should  be  collected  in  a  covered 
refuse  receptacle  which  should  be  placed  outside  the  cook-house. 

No  man  should  be  employed  in  preparing  or  handling  food  unless 
he  has  been  passed  by  a  medical  officer  as  fit  for  that  duty.  This  would 
eliminate  all  "  carriers  "  of  such  infectious  diseases  as  typhoid  fever  and 
dysentery  from  cook-rooms. 

The  system  of  company  cook-houses  should  be  abolished  and  either 
two,  or  at  the  outside,  four  large  cook-houses  be  made  to  answer  the 
purpose.  Two  or  more  large  dining  rooms  would  be  an  excellent 
supplement  to  this. 

Many  experienced  medical  officers  have  recommended  the  intro- 
duction of  some  modification  of  the  restaurant  system  for  European 
troops  in  India,  and  it  certainly  has  several  points  in  its  favour. 

The  cooking  arrangements  and  food  require  to  be  strictly  supervised 
by  a  European  officer  daily  and  systematically. 

"  Every  mian  should  be  taught  to  cook  in  his  mess-tin,  and  to 
make  the  best  use  of  preserved  rations,  and  also  of  uncooked  flour  which 
is  occasionally  issued  to  him."* 

The  fewer  the  natives  allowed  to  prowl  around  and  work  in  the  lines 
of  European  barracks  the  better,  and  the  number  should  certainly 
be  reduced  to  a  minimum  at  night. 

The  visits  of  peregrinating  providers  of  all  sorts  of  delicacies  for 
the  European  soldier's  consumption  in  barracks  should  be  discouraged 
in  every  possible  way.  These  hawkers  through  the  unwholesome  messes 
they  sell  as  food  are  responsible  for  a  certain  amount  of  sickness  in  the 
service.  The  same  remarks  hold  good  with  regards  to  the  lines  of 
Native  regiments. 

Soldiers,  both  European  and  Native,  should  never  eat  or  drink 

anything  in  bazaars.   

*  Official  (Home)  Manual  of  Military  Sanitation,  1907,  p.  31. 
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As  in  camps  the  officer  commanding  companies,  troops,  and 
batteries  of  European  troops,  and  the  double  company  commanders  in 
Native  battalions,  should  be  responsible  that  all  orders  connected  with 
the  sanitation  of  their  compan  y  lines  are  carried  out.  In  both  European 
and  Native  regiments  one  man  per  company  is  sufficient  for  this. 

Surface  drainage  of  barracks. — There  should  be  a  complete 
system  of  surface  drains  in  all  cantonments.  They  should  all  be  on  one 
basis  and  form  a  complete  whole.  Those  outside  barrack  limits  will 
chiefly  be  concerned  with  carrying  off  rain-water,  and  whether  they  are 
'piikka  or  Imtcha,  should  be  kept  so  as  to  work  efficiently,  and  prevent 
stagnation  of  water  in  their  course.  The  rain-water  falling  within 
the  area  covered  by  the  regimental  lines  is  usually  carried  off  by 
natural  water  channels  and  roadside  channels  which  are  as  a  rule 
kiUcha.  These  should  be  kept  properly  graded  and  free  from  accumu- 
lations of  grass,  weeds,  and  water  plants.*  These  channels  should 
convey  away  from  80  to  90  per  cent,  of  the  rainfall.  The  size  of  the 
cross-section  of  the  drains  required  is  estimated  from  the  actual  rainfall 
itself  over  the  area  to  be  drained.  One  inch  of  rain  per  hour  per  acre 
is  equal  to  3,360  cubic  feet  of  rain  ;  the  calculation  is  made  for  the 
general  maximum  rainfall  in  an  hour. 


"  For  the  removal  of  waste  water  from  wash-houses,  etc.,  wells 
absorption  pits  or  cesspools  are  dangerous  and  should  not  be  used' 
The  water  should  (i)  either  be  collected  in  catchpits,  from  which  the 
accumulations  must  be  removed  daily  and  sprinkled  on  the  ground  or 
carried  to  a  distance;  or  (ii)  it  should  be  led  away  in  small  masonry 
drams  beyond  the  precincts  of  the  barracks,  with  earthen  drains  in 
continuation,  to  convey  it  to  trees  or  garden  plots  ;  if  there  are  no  trees 
conveniently  near  they  should  be  planted  at  a  sufficient  distance  from 
the  barracks  to  avoid  obstructing  the  ventilation  ;  or  gardens  may  be 
made  and  hedges  planted  in  the  Icutckcb  channels."  (A.  R.  I  Vol  YTT 
p.  31).  ^  ■'       ■  ' 

The  best  shape  of  drain  is  either  semi-oval  or  U-shaped,  which 
permits  of  easy  drainage  and  flushing,  and  when  necessary  swept  with 
a  comparatively  small  fall.  Neither  V-shaped  nor  rectangular  surface 
drains  should  ever  be  constructed.  s^^iiat-e 

Surface  drains  should  never  have  their  outfall  into  tanks  or 
excavations  m  the  vicinity  of  barracks.  When  this  is  done  these 
excavations  never  dry  up,  and,  apart  from  being  a  nuisance,  are  excellent 
breeding  grounds  for  anophelines.  There  are'several  large  cantonments 
u  whioh  pukka  drains  liave  been  purposely  constructed  so  as  to  emntv 
IhT'""  ^^^'^  excavations.    The  initial  planning  of  draiW^ 

g^^g^^flj^^^ulla^^        water  should  be  carefully  carried  out  ^ 

*  See  Prevention  of  Malaria  in  Cantonments,  Fabt  IV. 
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If  not  removed  by  drains,  or  taken  to  prepare  garden  soil  by  them, 
water  from  bath-houses  and  wash-houses  gives  rise  to  a  disgusting 
puddle,  and  forms  pools  in  which  mosquitoes  breed. 

The  surface  drainage  system  for  carrying  off  all  cook-house  slops 
and  bath-house  water  is  in  use  in  many  stations,  the  sullage  ultimately 
flowing  into  some  nullah  or  natural  drainage  channel  on  the  confines  of 
the  barracks.  Cook-house  slops  should  be  disposed  of  in  this  way 
without  previously  passing  through  a  grease  trap,  fis  grease  coats  the 
drains  with  an  offensive  fatty  slime  that  attracts  flies. 

All  barrack  surface  drains  should  be  swept  and  flushed  every 
morning  and  evening,  being  careful  to  remove  all  clogging  greasy 
material  from  them.  Such  clogging  may  be  prevented  by  using  dry 
grass  or  brushwood  as  a  grease  trap  near  the  kitchens  and  wash-houses, 
this  grass  or  brushwood  being  burnt  and  removed  daily. 

Where  no  drains  exist  the  slop  water  from  wash-houses  conveyed  in 
kutcha  channels  may  be  purified  to  some  extent  by  constructing  a  trench 
18  inches  deep  and  4  feet  square,  loosening  the  earth  at  the  bottom  of  this, 
and  filling  it  with  4  inches  of  rough  broken  stone,  covering  this  with 
6  inches  of  coarse  sand,  and  this  again  by  6  inches  of  fine  sand,  and  on 
the  top  a  layer  of  stones  or  a  perforated  metal  plate  to  keep  the  sand 
in  place,  and  flies  from  gaining  access.  The  sullage  water  m  passing 
over  and  through  this  bed  is  filtered  and  in  an  absorbent  soil  the  filtered 
effluent  sinks  in  and  is  comparatively  inoffensive.  It  is  unsuitable  for 
a  clay  soil.  When  the  quantity  of  water  to  deal  with  is  large  two 
or  more  such  filters  will  be  necessary. 

The  irrigation  system  for  wash-house  refuse  water  acts  best  in  a 
dry  climate  with  a  light  porous  soil  such  as  sand,  loam,  black  cotton 
soil  and  gravel.  It  is  unsuitable  for  a  clay  soil.  The  garden,  which 
is  an  integral  part  of  this  system,  should  be  about  20  feet  from  the 
wash-hous?,  and  if  possible  the  site  ^^o^^d  slope  slightly_  The 
size  of  the  garden  required  must  be  estimated  by  the  depth  of  the 
porous  soil  and  the  amount  of  slops  to  be  disposed  of  bince  a  Euro- 
pean soldier  in  India  probably  uses  about  1,  ga^^lons  of  water  p  r  diem 
for  ordinary  ablution  purpo-.es,  and  4  or  5  gallons  more  for  his  bath 
the  total  daily  output  of  bath-house  sullage  water  would  be  about 
550-650  per^ompanv  But  as  every  soldier  does  not  indulge  in  a 
daily  bath  the  average  number  being  three  a  week,  th^-  amount  of 
slops  to  be  dealt  with  per  diem  would  probably  not  exceed  400  or  4oO 
per  company,  and  perhaps  less  in  the  cold  weather. 

The  irrieation  system  of  disposing  of  bath-house  sullage  has 
in  connection  with  kitchen  slops. 
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One  would  here  emphasise  the  necessity  of  encouraging  in  all 
regiments,  European  and  Native,  the  cultivation  of  vegetable  gardens. 
This  is  specially  necessary  in  Native  regiments,  as  many  of  tbe  men 
suffer  in  various  ways  during  the  summer  from  a  want  of  an  adequate 
supply  of  vegetables.  There  are  very  few  stations  in  which  such 
gardens  cannot  be  established. 

Latrines. — The  latrines  should  be  at  least  100  yards  from  cook- 
houses. Latrines  are  seldom  free  from  some  form,  of  infective 
microbes.  About  3  per  cent,  of  all  men  who  have  had  typhoid  fever 
are  "  carriers  "  of  typhoid  bacilli.  Such  men  periodically  pass  large 
numbers  of  these  bacilli  in  their  urine  and  stools.  With  the  dry- 
earth  system  plus  the  operations  of  flies,  these  bacilli  may  readily  be 
conveyed  to  men's  food  or  water,  and  it  is  supposed  that  this  is  one 
of  the  ways  in  which  small  groups  of  cases  used  to  occur  every  now  and 
then  in  barracks. 


The  Regulation  in  regard  to  latrines  is  :  — "  Floors  are  to  be  of 
earth,  not  paved.  The  planked  seats  are  to  be  made  movable  to 
admit  of  cleaning.  The  screen  wall  of  the  sweeper's  passage  should 
have  small  arched  openings  at  ground  level  to  give  through  ventilation, 
care  being  taken  that  the  pans  are  not  exposed  to  view.  The  dry 
earth  boxes  attached  to  each  seat  are  to  be  of  stone  or  iron.  The 
height  of  the  privy  pan  is  8  inches  (A.  R.  I.,  Vol.  XII,  p.  31)."  The 
latrine  accommodation  provided  is  5  per  cent,  of  strength;  where  dry 
earth  closets  are  used  this  should  be  7  per  cent.  One  would  here  con- 
demn the  use  of  earth  floors  for  latrines.  The  floor  should  be  raised, 
have  a  gentle  slope,  and  be  constructed  of  cement  or  some  durable  and 
impermeable  material. 


There  should  always  be  an  adequate  number  of  pails  and  spare 
ones  should  be  available  if  necessary.  A  double  set  is  quite  indispen- 
sable for  cleanliness.  The  pails  must  be  washed  and  disinfected  after 
use.  Clean  ones  that  have  been  washed,  disinfected  with  saponified 
cresol  emulsion,  and  subsequently  brushed  with  petroleum  and  exposed 
to  the  sun  for  several  hours,  should  replace  them. 

tl.o  ^V^r7'"'^°''*f?*^^^'^*^  pail  or  pan  should  fit  closely  under 
^  -^  r'/iT'*^-."^"  interval  between  the  top  of  the  pail  and 
the  seat  itself  If  this  is  not  done,  there  is  much  risk  if  excreta  finding 
I  S  way  on  to  the  floor  below  the  seat,  which  is  not  only  disgusting  but 
also  a  dangerous  source  of  infection.  J  & 

'^^^  !f^^  ^^""^^^  ^^^^y  ^asbed  with  soap  and  water  and 
subsequent  y  brushed  over,  above  and  below,  with  kerosine  oil.  Latrine 
seats  should  be  dried  after  scrnbbintr  so  that  men  have  no  excuse  for 
•using  unauthorjHe<l  pkee.,  or  for  n<,t  Hitti..tg  mv  thes,eats.  T 
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Latrines  should  be  provided  with  an  adequate  supply  of  toilet  paper 
Soldiers  should  use  latrines  in  such  a  way  as  to  keep  them  clean  and 
inoffensive.    All  latrines  must  be  carefully  supervised. 

All  latrine  floors  should  be  sprinkled  with  a  disinfectant  daily  ; 
the  one  now  chiefly  in  use  is  saponified  cresol  emulsion  (1  to  160). 
This  has  so  far  been  confined  to  the  latrines  of  European  troops,  but 
one  would  recommend  its  use  in  those  of  Native  troops  also.  The 
use  of  a  garden  syringe  having  a  rose  with  fine  perforations  for  this 
purpose  would  economise  the  disinfectant.  Any  loose  soil  on  the 
floor  should  be  sprinkled  twice  a  week  with  kerosineoil,  and  thoroughly 
rammed.  It  should  never  be  swept  or  brushed.  All  scraps  of  paper  etc., 
on  the  floor  should  be  removed  by  hand. 

Dry  earth  closets.— In  dry  earth  closets  an  adequate  supply  of 
finely  powdered  dry  earth  should  be  kept  at  the  latrine  with  scoops  to 
use  it.    The  dry  earth  used  should  be  above  suspicion,  and  this  is  only 
obtainable  by  its  being  previously  baked,  and  this  is  impracticable. 
"  The  average  dry  earth  latrine  in  a  tropical  country  becomes  in  too 
many  cases  nothing  but  a  centre  of  infection,  the  air  of  which  is  laden 
with  excrement,  tainted  dust,  and  infected  with  flies,  the  benrers  of 
equally  disease-giving  matter.  "     Most  experienced  military  medical 
officers  have  lost  faith  in  the  old  dry  earth  system,  and  I  have  person- 
ally no  hesitation  in  condemning  its  use  for  the  latrines  of  all  troops  m 
India.    The  principle  is  good  ;  and  if  carried  out  in  its  integrity,  the 
objections  to  the  system  would  be  few.  but  it  requires  more  atten- 
tion to  detail  than  has   hitherto  been  given  to  it,   or  tlian  it  is 
likely  to  receive.    The  great  difficulty  is  that  of  causing  men  to  cover 
the  excreta  with  dry  earth.    This  is  a  sMie  qua  non.    In  the  absence  ut 
this,  flies,  one  of  the  great  disseminators  ot  disease,  are  rampant.     1  he 
carelessness  of  sweepers  in  the  transfer  of  excreta  to  tlie  night-soi 
carts,  and  the  cleaning  of  the  pans  is  another  grave  objection.    No  pail 
system  in  India  can  be  successful  in  the  absence  of  European  super- 
vision as  to  details. 

"Wet  system."— What  is  now  known  as  the  "wet  system  "  has 
lar^^ely  replaced  the  dry  earth  system  in  the  latrines  of  European  troops. 
In  It  the  pail  is  charged  with  a  1  to  160  solution  of  saponified  cresol 
which  acts  as  a  deodorant,  prevents  the  multiplication  of  bacteria,  and 
prevents  flies  laying  their  eggs  in  the  excreta. 

All  latrines  should  have  a  well-lighted  lamp  in  them.  The  same 
remark  applies  to  urinals  in  barrack-room  verandahs. 

The  latrines  allotted  to  company,  squadron  or  battery  barracks. 
.>.m-,lrl  onlv  he  used  bv  the  men  of  tVo^e  barracks,  and, not  promis- 
ouou^y  by  barracks.    This  helps  to  localise  infection 
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should  it  occur  through  latrines.  It  is  very  desirable  that  the  latrines 
be  visited  daily  by  the  orderly  officer  of  the  day.  This  to  some  extent 
keeps  all  concerned  on  the  qiU  vive  and  ensures  that  attention  which 
their  cleanline.ss  demands. 

All  removal  of  excreta  should  be  carried  out  during  the  day  time 
when  it  can  be  properly  supervised  and  its  defects  observed. 

Laundries — All  battalions  should  have  their  own  laundries. 
These  are  provided  in  many  stations  now  and  are  a  vast  improvement 
on  the  old  system  in  which  the  clothes  of  all  ranks  were  taken  to  the 
bazaar  and  frequently  infected  there.  A  large  number  of  Native  regi- 
ments are  still,  however,  without  laundries,  and  without  any  definite 
system  hv  means  of  which  infection  through  clothes  sent  to  be  washed 
is  eliminated. 

The  cleanlines.s  o[  the  dhobie  ghats  in  all  cantonments  is  a  matter 
that  should  be  strictly  attended  to  by  both  regintental  and  cantonment 
authorities.  One  would  recommend  the  establishment  of  a  laundry  in 
every  cantonment  where  this  is  possible,  which  should  be  closely 
watched  by  the  sanitary  oflBcer  of  the  station.  Where  tliis  is  not  possi- 
ble it  is  always  easy  to  allot  a  particular  well  for  the  regimental  dhohies, 
from  which  the  water  may  be  drawn  by  a  hand -pump  into  an  elongated 
trough,  the  dhohies  standing  on  a  raised  platform  and  ut-ing  an  ordi- 
nary washing  board  or  even  a  stone  to  beat  the  clothes  on  as  they  do 
at  ghats.  Arrangements  should  also  be  at  hand  to  boil  such,  articles  of 
clothing  as  need  boiling.  The  custom  of  allowing  European  and  Native 
soldiers'  clothes  to  be  taken  to  the  bazaar  and  mixed  with  a  mass  of 
possibly  infected  linen  cannot  be  condemned  too  emphatically 

If  dhobies  are  allowed  to  wash  according  to  their  own  methods 
they  will  use  some  filthy  stream,  pool,  or  public  batliing  place,  which 
is  already  probably  infected  with  the  germs  of  one  or  more  diseases. 

Aerated  water  factory.— It  is  necessary  that  sterile  water  only 
is  used,  and  this  is  best  secured  by  boiling  the  water  and  passino-  it 
through  a  Berjiefeld  or  Pasteur-Chamberlain  filter.  If  such  a  filter 
is  .used  it  should  be  in  charge  of  some  n'on-com missioned  .ofiicer  or 
soldier  who  knows  all  about  its  use,  how  to  take  care  of  it  and  clean  it. 
All  the  candles  should  be  boiled  every  'fourth  day.  The' bottles 
should  be  washed  in  boiled  water  that  has  been  allowed  to  cool,  and 
then  pinked  with  permanganate  of  potassium— a  dessertspoonful  of  the 
crystals  to  14  or  16  gallons  of  water— or  put  into  a  half  per  cent, 
solution  of  formalin  for  several  hours,  and  finally,  before  filling,  washed 
out  with  sterilised  water. 

Sterilised  water  should  be  used  in  making  the  various  syrupsf.  and 
they  should  be  stored  so  as  to  be  inaccessible  to  flies     The  factory 
should  be  provided  with  fly-proof  windows  and  doors,  the  former  as 
.  W.i^re-gHuze  jmnelH,  the  latter  Helt'-olbning,  so  as  to  be  iniicceesible  to  flie^ 
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The  mineral  water  factory  requires  to  be  carefully  watched  both 
as  to  the  filtered  water  used,  and  the  way  bottles  are  cleaned,  and  this 
applies  to  both  European  and  Native  battalions. 

Barrack  inspection— In  the  routine  inspection  of  European  sol- 
diers' barracks  the  following  are  the  special  buildings  to  which  the 
medical  officer  should  direct  attention  and  the  points  to  be  noted  :— 

Barrach  rooms— Observe  the  means  of  ventilation  and  general 
cleanliness,  whether  the  doors  and  windows  are  kept  open  ;  note  whether 
there  is  any  overcrowding.  The  number  of  men  to  occupy  each  room 
should  be  notified  on  the  door.  See  if  there  is  any  accumulated  dust 
on  the  floor,  furniture,  etc.  Note  the  condition  of  the  dining  tables, 
presence  of  exposed  stored  food,  etc. 

Wash-houses.— OhsevYe  the  general  state  as  to  cleanliness,  the 
number  of  baths,  wash-hand  basins,  and  whether  these  latter  are  clean. 
Dirty  basins  may  give  rise  to  various  diseases. 

Company  kitchens^— See  whether  the  cooking  arrangements  are 
satisfactory  and  the  ranges  in  goed  condition.  Wash-hand  basins 
with  towels,  soap  and  abundance  of  water  should  at  all  times  be  avail- 
able for  the  cooks.  The  week's  menu  of  the  company  should  be  scanned 
to  observe  if  it  is  sufficient  in  quantity  and  not  monotonous.  Note  any 
obvious  uncleanliness  about  the  cook-room,  the  state  of  the  jharans  in 
use  and  ascertain  whether  they  are  regularly  scalded  every  day  See  it 
rhe;e  are  any  sweepers  in  or  near  the  cook-room-this  class  of  persons 
hould  never  enter  cook-rooms.  See  whether  the  native  cObks  and  the  r 
assistants  are  cleati  in  person  and  clothes.  Al  natives  employed  11 
Snfshould  discard  their  outer  garments  ou  beginning  work  each  day 
rd  be  provided  with  a  white  smock  and  cap.  Note  whether  the"  pipe 
or  drain^age  outlet  leading  from  the  kitchen  to  the  slop  contain     has  a 

flv-Droof  wire-gauze  covering. 

Latrines  and  urinals.-Ohsevve  their  state  as  to  c  eanliness  of 
floor  seat  rnd  ground  beneath  the  seat ;  whether  the  urinals  are  clean 
.nd  nT  foul  smelling,  whether  there  is  any  caking  observed  m  the 

attention  on  account  of  the  way  children  soil  them. 

Regimental  uMops.-Ohser.e  the  state  of  cleanliness  and 
ventilation. 

Canteen.-^oie  its  state  of  cleanliness,  ventilation,  condition  oi 
latrine  and  nvinal  connected  with  it. 

n      ^   nn.,,.    Observe  the  condition  as  to  cleanliness,   the  pri- 
Guard  ^^^J^^^^  iilutt         to  it;  the  nature  of  the  covering 
soners'  room  and  tne  urina  a  |^    blankets  may  be  neces- 

of  the  men  on  duty  and  ^h^r^^^  ^^^^^^  working 
eary  ;  ventilation  and  whether  be  ^^^^'"^J'  Bufiroieiit; 
order  ;  the  ablution  arrangementu  and  wiieiuci  j 
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the  ooqdifci on  of  the  latrine.  The  food  of  men  on  guard  should  be  as 
well  served  as  in  the  barrack  room,  and  it  should  always  arrive  in  91, 
hot  state.  That  of  the  men  on  sentry  should  be  kept  warm  until  they 
are  relieved.    Hot  water  trays  are  a  useful  accessory  in  such  cases. 

Married  quarters. — -In  inspecting  these  inquire  particularly  into 
the  health  of  the  children  and  see  the  condition  of  any  that  are  confined 
to  their  rooms  from  sickness.    Inspect  the  latrine. 

Schools. — Note  the  average  number  of  children  attending,  the 
means  of  ventilation,  whether  the  air  is  fresh  or  not,  the  children 
clean  and  healthy-looking  or  otherwise.  Note  the  water-supply, 
and  the  state  of  the  latrines  and  urinals.  Find  out  if  any  children  are 
absent  and  if  so  the  cause  of  such  absence.  Note  the  method  of  light- 
ing the  school  room. 

Ooffee-shop. — When  the  coflfee-shop  is  in  the  hands  of  a  con- 
tractor it  should  be  carefully  scrutinised.  All  articles  sold  as  food 
should  be  seen.  When  it  is  run  as  a  purely  regimental  institution 
they  are  as  a  rule  sound  in  every  sense.  Note  the  state  of  the  latrine 
and  urinal,  if  those  conveniences  are  attached — they  are  in  these  places 
often  much  neglected  especially  after  dark,  the  sweeper  often  being 
absent  and  the  whole  place  foul  and  neglected.  The  latrines  ancj  urinals 
connected  with  all  the  institutes  in  regimental  lines  require  special 
attention,  and  as  these  instiutes  are  visited  by  men  who  remain  there 
until  last  post,  sweepers  should  remain  on  duty  doing  the  same  work 
they  do  during  the  day  time  until  that  hour. 

The  number  of  the  institutes  to  be  inspected  at  different  stations 

varies  considerably— thus  at  farcknow  there  are  22  different  institutes  

including  dairies,  markets,  mineral  water  and  ice  factories,  etc.,  so  that 
the  task  of  the  inspecting  medical  officer  is  sometimes  a  fairly  com- 
prehensive one. 

Inspection  of  men.— This  is  best  carried  out  in  the  barrack  room. 
The  men  should  have  their  shirts  open  in  front  and  part  of  their  chest 
exposed,  and  the  sleeves  rolled  up.  The  feet  should  be  bare.  Note 
specially  the  state  of  the  gums,  skin,  and  feet  (whether  dirty  or  not)  • 
whether  the  skin  is  hot  to  the  feel ;  note  if  the  shirts  are  clean  or  not.' 

During  these  inspections  it  is  well  to  have  a  European  commissioned 
officer  present,  especially  the  quarter  master.  Many  defects  found  may 
be  remedied  by  a  few  words  with  this  officer  or  the  adjutant.  It  may 
happen  that  the  matter  is  too  serious  for  mere  verbal  reference  in 
which  case  the  medical  officer  puts  his  views  in  writing  to  the  officer 
commanding.  All  medical  officers  inspecting  barracks  sliould  keep  up 
the  diaries  of  their  inspections  regularly,  noting  the  special  points 
observed  calling  for  remedy,  the  recommendations  made,  the  action 
taken  and  the  results.  During  tbeir  inspections  all  points  callino-  for 
remark  and  action  should  be  entered  in  a  note-book. 
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The  inspection  will  also  include  a  visit  to  the  dairy,  bakery,  laundry, 
Army  Temperance  Association  rooms,  regimental  bazar,  followers'  lines, 
aird  kitchen  of  officers'  mess,  gymnasium  and  drill  shed.  This  last 
named  should  be  thoroughly  well  ventilated,  preferably  open  all  round, 
and  close  to  the  parade  ground 

.  Eaek regiment  should  form  a  mosquito  brigade  for  its  own  lines, 
working  under  the  sergeant  of  the  sanitary  police,  and  guided  by  the 
officer  in  medical  charge  or  by  the  cantonment  sanitary  officer. 

{h)—Ncdive  Troops. 

[■  Accommodation  for  Native  troops.— Accommodation  is  provided 
for  Native  troops,  by ,  the  Military  W^rks  Service  or  Public  Works 
De\iartme'nt^  wholly  at  State  expense  within  fortified  posts  and  works  of 
defence,  and  at  places  where  details  are  temporarily  detached  and  often 
relieved.  In  other  cases  barracks  and  their  subsidiary  buildings  are 
6rify  built  under  the  special  ^-auction  of  the  Government  of  India.  In 
all  cases  the  following  buildings  are  constructed  at  State  expense  : — 
Quarter  guard  and  cells,  armouries,  magazine,  amourer's  shop,  quarter- 
master's stores,  hospital  and  its  subsidiary  buildings,  and  wells  or  water^ 
supply.- 

•  The  authorised  accommodation  per  man  for  Native  troops  in  the 
pla:ins  is-  square  feet  of  floor  area,  and  810  cubic  feet  of  air 
gpace,  -and  in  the  hills  50  square  feet  of  floor  area  and  600  cubic  feet  of 
air  space.  The  barracks  are  in  practically  all  cases  built  regimentally 
from  special  grants  allotted  by  Government.  Hence  it  arises  that 
Jthere  is  no  fixed  pattern  of  barracks  for  Native  troops,  and  many 
Ararieties  are  in  existence. 

A  great  deal  of  what  has  been  stated  in  regard  to  the  site,  construc- 
•tion-and  sanitation  of  European  troops'  barracks  apply  also  to  the  barracks 
or  huts  of  Native  regiments.  It  is  therefore  only  necessary  to  mention 
a  few  additional  points  that  strike  one  as  calling  for  special  attention. 
'  lii-no  case  should  the  floor  of  the  barrack  consist  of  the  bare 
surface  soih'and  the  floor  should  never  be  below  the  general  surface. 
'Oxje  has  seen  native  troops  barracks  in  which  these  rules  have  been 
■"departed  from. 

.The  huts  should  .be  elevated  from -the  surface  by  means  of  a  plinth 
'of  1  or  2  . feet,  to  keep"  therp  dry  and  facilitate  drainage. 
■  Leevivq  the  floors  and  walls  of  Native  troops'  barrack  rooms  with  a 
■mixture  of  .water,  clay  and  cow-dung,  or  clay  and  water  should  be  abso- 
■'Welv  prohibited.  -It  is  a  mo.t  insanitary  and  unwholesome  custom. 
'This%ne  is  convinced,  is  responsible  for  a  certain  amount  of  disease 

>£Liid  inefficiency. 

.'    There  should  be  an  adequate  number  of  windows  of  sufficient  size. 
•'The  lentTlation  arrangements  should,  as  far  as  practicable,  correspond 
with  those  of  European  troops'  barracks. 
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In  damp  soil,  a  damp-proof  course  should  be  laid  on  the  lower  part 
of  the  walls,  this  consisting  of  some  form  of  hydraulic  cement  which 
is  allowed  to  set  properly,  or  of  impermeable  stone  set  in  cement  or 
tarred  brick,  etc. 

The  floor  of  the  hut  should,  whenever  practicable,  be  covered  with 
concrete  or  cement.  If  this  cannot  be  done  then  it  may  be  formed  of 
stone  or  wood. 

The  ivalls  are  usually  made  of  any  available  material  ;  sun-dried 
brick,  burnt  brick,  bamboo  covered  with  a  layer  of  mud  (wattle  and  daub), 
bamboo  framework  with  wood  posts,  wood  planks,  corrugated  iron,  etc. 

The  roofs  are  made  of  thatch,  grass  or  straw,  tiles,  or  cocoanut 
matting,  fibre  of  plantain  leaf,  or  corrugated  iron ;  grass  or  straw 
{chapper)  roofs  are  the  coolest,  but  are  highly  inflammable  and  soon 
rot ;  they  form  a  home  for  birds,  squirrels,  snakes,  and  are  a  favourite 
haunt  for  mosquitoes.  Thatch  roofs  are  for  these  reasons  here  con- 
demned. 

A  very  prevalent  custom,  and  one  that  should  be  strictly  forbidden 
is  that  of  beginning  the  building  of  huts  by  excavating  the  earth,  which 
is  mixed  with  water,  and  using  it  for  making  the  walls  around  this  pit 
which  is  finally  filled  up  with  rubbish  or  made  soil,  or  any  available  refuse 
in  the  vicinity.  Or  pits  are  dug  in  the  neighbourhood  of  the  future 
huts  and  the  material  used  for  making  the  huts.  These  borrow-pits 
are  allowed  to  remain.  In  the  process  of  excavation  of  the  subsoil  water 
IS  often  tapped,  and  is  then  used  by  the  men,  sometimes  for  drinkinc^  • 
this  pit  often  forms  the  starting  point  of  a  surface  well,  or  if  not  used 
for  drinking,  this  water  may  be  used  for  washing  clothes  or  ablutions 
after  delascation,  or  in  it  cows  and  buffaloes  wallow,  or  it  becomes  a 
reservoir  for  all  kinds  of  refuse.  The  digging  of  these  borrow-pits 
should  never  be  permitted.  All  material  used  for  building  should  be 
brought  from  allotted  places  outside  the  site  selected  for  the  huts. 

Inspection  of  Native  troops'  lines—The  medical  officer  of  Xative 
units  should  make  a  complete  sanitary  inspection  of  the  lines  at  least 
once  a  week  and  oftener  whenever  special  circumstances  require  it.  Th L 
inspection  should  include  every  barrack  room,  the  guard  room,  ee  ls 
school  room,  etc  the  points  o  notice  being  the  same  as  those  of  Brit  h 
soldiers  hues  allowing  for  the  differences  in  the  conditions  of  iffe  and 
surroundings. 

The  inspection  should  include  the  immediate  surroundino-s  of  the 
barracks  especially /m^c/m  drains,  exoavatious  in  the  soil  tl  a?  mav  be 
used  as  la  rines,  and  swamps,  pools,  etc.,  that  might  be  bree  hno  Ices 
ot  anopheline  mosquitoes.  ^^^^ilu^  piaces 

Once  a  week,  where  the  battalions  have  their  families  in  fl.o  r 
the  medical  oScer  sLould  »ee  all  the  won,e„  exc  T      e""™  "In' 
which  they  are  pardanaMn)^r,dohMreu.    He  will  olClu  th"'  way 
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corae  across  -cases  of  infectious  disease  such  as  coiljunctivitis,  itch,  etc., 
that  remain  untreated  and  a  source  of  infection  to  healthy  people  in 
the  lines. 

Latrines. — The  medical  officer  should  see  that  they  are  kept  clean, 
and  free  from  offensiveness  ;  and  that  the  pails,  receptacles,  and  night-soil 
carts  are  in  a  state  of  repair  and  properly  tarred  ;  that  deficiencies  are  at 
once  made  good.  It  sometimes  happens  that  the  sweepers  allow  the 
pails  to  remain  full  or  even  overflowing  for  most  part  of  the  day,  instead 
of  periodically  removing  and  replacing  them  with  clean  pans.  The 
place  where  this  cleaning  is  carried  out  will  often  be  found  to  be  very 
foul.  The  receptacles  will  sometimes  be  found  without  covers,  or  the 
covers  damaged,  or  carelessly  adjusted. 

The  place  where  the  men  carry  out  their  ablutions  after  using 
the  latrines  are  sometimes  in  a  very  unclean  state-  There  should 
always  be  definite  arrangements  for  this,  and  men  found  using  nullahs 
or  other  form  of  cover  outside  the  latrine  for  the  purpose  should  be 
punished. 

The  married  quarters  and  their  surroundings  require  constant 
watcMuff,  especially  as  regards  ventilation,  lighting,  cleanliness,  deposir 
of  refuse  in  their  vicinity,  and  use  of  the  general  surface  of  the  ground 
as  a  latrine  by  the  children.  The  latrines  and  the  ablution  arrangements 
connected  with  them  call  for  special  attention  ;  the  water  us^d  m  the 
latter  often  forms  a  stinking  puddle  outside  tl>e  latrine.  It  is  necessary 
for  us  to  insist  on  the  married  people  living  healthy  lives  and  their 
children  being  brought  up  in  the  ideas  of  hygienic  cleanhness,  personal 
and  domestic!  for  ?  fairly  large  proportion  of  line  boys  become  our 
future  soldiers. 

We  should  endeavour  to  inculcate  the  principles  of  personal  and 
domestic  hygiene  into  our  Native  troops  so  that  hey  may,  when 
prsioned  carry  these  principles  into  practice  in  their  own  villages, 
?  iS  b Iter  ho/ses  for  thLselves  with  better  ventilation  and  1« 
and  better  sanitary  arrangements  generally,  and  so  by  their  example 
influence  those  around  them. 

When  the  water-supply  is  from  wells  it  should  be  aii^^ly^^^^^^ 

let  or  for  cLning  their  eatfng  and  cooking  utens.l.. 

The  sold  in  ^  ^^l^i^U^Zj':^^^ 

Hawlsers  of  milk  and   ood-stufh,  f 3.'';;^  boiled  before 

the  line.    If  goafs  "»lk  ^  u  ed       >  f  ^  ^^.e  uwa^  ^^^y  ^ 

use^  Where  goats  are  kept  '^^Y'"™^  °^  twice  a  year)  warning  men 
order  shonld  he  periodica  ly  P»bl'slwfl  ™  ™^  serious  form  of  fever 
that  unboiled  goat's  milk  may  give  iite  to  a  se  1 
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Notliiiig  that  is  used  as  food  and  drink  by  the  men  in  barracks  should 
be  sold  that  has  not  been  passed  as  fit  for  consumption  by  some  respon- 
sible person. 

The  hospital  latrine  should  be  inspected  daily.  Some  arrange- 
ment, should  be  made  to  systematically  incinerate  the  excreta  of  all 
cases  of  infectious  disease,  including  the  sputa  of  cases  of  tuberculosis 
of  the  lungs  and  pneumonia.  There  is  seldom  any  difficulty  in 
doing  this. 

The  regimental  bazaar  and  surroundings  have  to  be  kept  con- 
stantly watched  in  the  same  way  as  the  married  quarters.  The  food- 
supplies  sold  should  receive  special  attention,  and  the  nature  and 
quantity  of  the  vegetables  and  fruit  exposed  for  sale  noted. 

It  is  specially  necessary  in  carrying  out  sanitary  measures  to  do 
flothing  that  will  interfere  with  the  religious  prejudices  and  customs  of 
our  Native  troops  which  are  always  to  be  respected,  nor  to  in  any  way 
violate  the  sanctity  of  any  place  held  sacred  by  them. 

In  his  weekly  inspections  .  the  medical  officer  should  be  accom- 
panied by  the  sanitary  havildar.  Any  minor  defects  in  the  sanitation  of 
the  hues  easily  remedied  should  be  brought  to  the  notice  of  the  quarter- 
master, in  larger  matters  to  that  of  the  officer  commanding  the  regiment 

'^li^  "^^^^'^  i'^^pectioh  should  be  noted  in  the  medical 

omcer  s  official  diary. 

Precautions  regarding  Infectious  Diseases.— Medical  officers 
will  in  October  each  year,  and  whenever  small-pox  prevails  in  the 
statiDu  or  ICS  e.nvirotis,,take  steps  to  vaccinate  or  revaccinate  all  persons 
m  the«-respe,ctive  chfU-ges,  who  do  , not  show  satisfactory  marks  or 
records  of  successful  vaccination  or  re-vaccination.  Recruits  if  not 
vaccmated  at  the  recruiting  depots,  will  be  vaccinated  on  ioininfr-  All 
children  in  the  lines  will  be  re-vaccinated  at  the  age  of  ten  ve.rs 
J  hese  orders  do  not  of  course  apply  to  persons  who  bear  signs  of  previous 
small-pQx.  Supplies  .  of  fresh  lymph  sliould  be  applied  for  fmm  tTe 
vaccme  depots  of  the  Province.  ■  u  lui  riom  tne 

All  disinfecting  operations,  whether  in  barracks,  hospitals  or  camm 
hould  be  supervised  by  the  medical  officer  of  the  unit^  ba.S 
rooms  and  hospital  wards  sulphur  dioxide  gas  should  be  oeuerated  bv 
burning  sulphur  (3  pounds  to  each  l,000%ubic  feet  of"  air   '  ace 
Ciesol  ,s  also  a  useful  insecticide  and  may  be  used  as  such.         ^  ' 
•fi  .1  ^'^  a'H^^'ge  stations  there  is  a  sanitary  officer  for  the  week  Npvpv 
hele.ss  ™.dical  officers  of  units  are  still  personally  responsible  for  th." 
smnlatrontjf  the  lines      the  . egi ment»^to' which  rLj  J^^^.  ^' 
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Neither  European  nor   Native  soldiers    should  be  "detained" 
for  more  than  24  hours.    At  the  end  of  that  time  they  should  be  either 
admitted  into  hospital,  or  sent  back  to  duty.    One  has  during  the 
last  two  years  visited  at  least  ten  regimental  hosintals  m  which  men 
are  detained  for  several  days,  or  made  to  attend  daily  for  medicine,  or 
"  aranted  line  leave."    This  practice  is  not  sound  as  it  is  impossible  in 
such  a  regiment  to  form  an  opinion  as  to  its  state  of  health  as  com- 
pared with  other  units  in  which  the  regulations  on  this  point  are 
ricridly  adhered  to  ;  the  individual  may  after  being  repeatedly  detained 
in''  this  way  show  a  clean  medical  history  sheet,  and  the  custom  inter- 
feres with  a  true  estimate  being  formed  as  to  the  amount  of  accommod- 
ation required  in  the  hospital  and  the  supplies  necessary  for  the  sick. 

In  all  cases  of  infectious  and  contagious  disease  the  medical 
officer  should  make  sure  that  all  nursing  orderlies  and  hospital  attend- 
ants who  are  detailed  for  duties  in  connection  with  these  cases  are 
Quite  familiar  with  the  nature  of  the  risks  they  run,  and  that  th.^y 
carry  out  all  instructions  regarding  disinfection  of  their  hands,  clothes 
etc  that  may  be  issued  with  a  view  to  reducing  these  risks.  Except 
in  the  case  of  permanent  ward  orderlies,  the  sick  attendants  on  infec- 
tious disease  cases  are  to  be  entirely  voluntary. 

Cases  of  venereal  disease  are  only  to  be  admitted  into  the  general 
wards  Tf  the  hospital  if  special  reasons  exist,  such  as  the  necessity  of 
careful  nursing,  etc.  . 

The  examination  of  all  fresh  cases  of  both  European  and  Native 
,,oMi^^  nan^  are^^ 

.nvanably  or  those  of  latent  disease 

and  missing  the  early  signs  ot  se  .       ^^^^  ^^^.^^^^ 

now  manifest  for  the  ^'^J''^'^^  about  a  case  it  is  always 

eliminating  schemers  J^l^^^^^l^'J^^  24  hours  for  further  obser- 

„rn>ry  diL»es  that  are  to  become  seiW 

SANITATION  OF  CANTONMENTS.  • 

regimental  lines.    Some  of  ^^^'^/^^/^nolv  and  Transport  Depart- 
thl  case  orEuropean  troops  som^^^^^^^^  1^^.^^ 
nient  but  usually  they  aie  worked  b^^         ^^.^^^  ^^^^  ^^^^ 
the  Cantonment  Loae.    vve  wi 

of  these.   ,  ■■  , 

 ^  ri,„vp  i,ppn  areatlY  "?<lebted  to  the  very  useful.  Uttle 

*  In  lUe  foregoing  section  Hiav^^^^^  Milhnv!,  _  Em,>^o^,  bV 

Handbook  for  (mm  of  the  Indian    .    .   '  ' 

Cipt.  11.  Doui.'ioN,  l.M.8. 
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A.— Dairies. 

Cow-sheds  and  dairies  should  be  properly  lighted,  ventilated  and 
drained,  and  they  should  be  supplied  with  abundance  of  water. 

All  cow-sheds  should  be  kept  on  the  outskirts  of  cantonments,  and 
when  in  the  interior  they  should  be  built  on  selected  sites.  Cow- 
sheds should  be  provided  with  a  roof,  and  be  either  completely  open 
all  round,  or  have  only  a  low  wall. 

These  sheds  should  have  a  smooth  impermeable  sloping  floor 
with  drains  so  arranged  that  the  whole  floor  may  be  thoroughly  washed 
daily,  and  the  water  flow  into  a  metal  receptacle  which  is  protected 
from  rain  and  flood  water.  This  receptacle  should  be  emptied  every 
day.  • 

Arrangements  should  exist  to  guard  milk  against  exposure  to 
contamination  or  infection.  We  have  already  seen  how  easily  and  from 
how  many  sources  milk  may  become  infected  by  disease-germs  (p.  187). 

The  dairy  in  which  the  milk  and  milk  utensils  are  kept  should 
be  quite  separate  from  the  cow-shed,  and  quite  disconnected  from  the 
dwelling  houses  of  the  goiuallahs  and  those  who  look  after  the  cows. 
The  milk-shed  should  be  provided  with  arrangements  to  scald  all 
utensils  and  bottles  used  to  contain  the  milk. 

When  the  water-supply  is  from  wells,  the  well  should  be  at  a 
distance  from  the  cow-shed  and  from  the  place  allotted  for  the  accumu- 
lation of  manure.  The  well  should,  if  possible,  be  a  covered  one,  and 
provided  with  a  pump. 

All  parts  of  the  cow-sheds,  milk-sheds,  storage  rooms,  and  all  parts 
used  in  the  preparation  of  sterilised  milk,  cream,  butter  and  cheese, 
should  be  kept  thoroughly  clean. 

The  cows  should  where  possible  be  cleaned,  fed,  and  milked  unde^" 
European  supervision.  The  udder  of  the  cows  or  buflfaloes  and  the 
hands  of  the  milker  should  be  washed  before  drawing  the  milk.  aU 
utensils  containing  milk  should  be  scalded  daily,  for  which  purpose  there 
should  be  abundance  of  boiling  water  provided.  When  dairies  are  kept 
up  by  Native  battalions,  the  same  precautions,  mtttatis  mutandis,  should 
be  observed. 

The  dairies  of  all  large  stations  should,  as  far  as  practicable,  be 
grouped  into  one.  The  accumulations  of  cow  dung  in  several  parts  of 
cantonments  is  a  certain  attraction  to  flies,  and  it  is  undesirable  to 
maintain  a  multiplicity  of  foci  where  flies  may  breed. 

The  poorer  class  of  goivallahs  cannotjin  all  probability  erect  healthy 
cowsheds  built  on  sanitary  principles  for  his  cattle.  F'or  such  oases 
the  cantonment  authority  should  consider  the  advisability  of  erecting 
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cowsheds,  and  having  these  properly  supervised,  charging  the  qownllahs 
a  small  rent  for  the  use  of  them.  One  has  carried  out  this  method 
of  removing  a  terrible  nuisance  in  a  large  municipality  with  excellent 
results. 

In  the  case  of  cow-sheds  on  the  outskirts  of  cantonments  the  cow- 
dung  should  be  stored  in  a  small  open  shed  having  a  roof,  the  floor 
being  raised  to  prevent  access  of  flood-water.  In  this  way  it  may  be 
allowed  to  dry,  or  it  may  be  made  into  fuel  caUes  (hratties)  and 
plastered  on  the  walls  to  dry.  It  is  important  to  prevent  its  admixture 
with  rain-water  which  brings  about  decomposition  and  a  disgusting 
nuisance,  Tlie  collection  and  storage  of  cow-dimg  in  cow-sheds  in  the 
interior  of  cantonments  should,  as  far  as  practicable,  he  prohibited,  and 
if  this  cannot  be  done,  the  precautions  recommended  above  should  be 
insisted  upon. 

Gowallahs  should  be  forbidden  under  penalty  from  feeding  milch 
cows  or  buffaloes  with  any  form  of  stable  litter  or  refuse.  All  qowaliaha 
and  purveyors  of  milk  should  be  registered. 

The  insanitary  condition  oi  govMllalis^  premises  formed  one  of  the 
worst  nuisance  with  which  one  had  to  contend  when  health  officer  of  a 
large  municipality.  Cow-sheds  and  dairies  invariably  call  for  the  most 
constant  supervision  and  control. 

All  milk  in  this  country  is  subject  to  contamination  even  when 
drawn  in  the  compound  under  strict  supervision.  It  should  always  be 
boiled  before  use,  and  when  used  by  our  European  soldiers  this  should 
be  done  in  the  kitchens  under  responsible  supervision,  even  if  it  has  been 
done  previously  in  the  bazaar  or  elsewhere.  It  should  be  kept  in  a  clean 
locked  can.  The  can  used  should  first  be  scalded  with  boiling  water. 
After  boiling  the  milk  it  must  be  carefully  covered  to  keep  out  flies  and 
dust. 


B. — Bakeries. 

Bakeries  require  constant  watching.  They  should  be  under  res- 
ponsible European  supervision.  The  rules  regarding  cook-bouses  to  a 
large  extent  apply  to  them,  and  a  set  of  these  rules,  with  such  modifica- 
tions as  are  necessary,  should  be  hung  up  in  the  bakery.  All  stages 
in  the  process  of  bread-making  should  be  carried  out  in  a  clean  manner. 
There  should  be  means  of  washing  the  hands  and  arms  of  the  bakers 
emnloved  and  they  should  always  have  a  clean  suit  of  white  material 
to  wear  before  commencing  their  work.  The  bakery  should  not  be  used 
as  a  residential  building  on  any  account.  No  person  should  sleep 
i-n  it  The  Hour  should  be  kept  in  metal  receptacles  or  wooden  bins. 
The  table  used  for  pastry-making  should  be  provided  with  a  slate,  plate^ 
glass,  or  marble  slab,  or  smooth  hard  wood. 
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The  floor  should  be  of  stone  slabs  or  smooth  cement  so  as  to  be 
washable,  and  tlie  doors  should  be  provided  with  automatically  closing 
wire-gauze  panels,  and  the  windows  with  fixed  panels  of  the  same 
kind. 

C — Slaughter-houses. 

The  nuisance  connected  with  a  slaughter-house  may  arise  from 
accumulation  of  filth  on  or  about  the  premises,  or  be  due  to  its  removal 
from  the  premises  in  an  offensive  condition,  or  a  generally  filthy  condi- 
tiou  of  the  interior  of  the  building,  the  premises,  and  the  utensils,  an 
improper  method  of  disposing  of  offensive  refuse,  liquids  or  solids,  or 
carelessness  in  the  disposal  of  offensive  material. 

Decomposition  of  animal  matter  and  garbage  is  the  chief  cause 
of  the  injurious  influence  of  slaughtering  animals  near  inhabited 
places.  Except  in  properly  constructed  shambles,  in  the  process  of 
killing,  large  volumes  of  blood  flow  over  the  ground  and  soak  into  it. 
Following  this  we  have  the  cleaning  of  the  entrails,  their  contents 
being  scattered  about  the  slaughtering  plane ;  decay  soon  begins 
and  continues  until  the  next  day's  slaughtering  commences.  If  there 
are  drains  the  blood  flows  into  them,  but  its  offensiveness  does  not 
cease  in  them  ;  for  instead  of  being  limited  to  the  area  of  the  slaughter- 
house, it  becomes  diffused,  and  putrefaction  of  this  animal  matter 
goes  on  along  the  entire  line  of  the  drain.  Such  processes  as  these 
are  bound  to  effect  the  health  of  those  dwelling  in  the  neighbourhood. 

Any  one  who  wishes  to  verify  these  statements,  and  to  ascertain 
the  nature  of  the  nuisance,  has  only  to  visit  a  large  and  neglected 
slaughter-house  in  or  near  an  Indian  town.  In  a  large  slaughter-house 
which  we  inspected  several  hundred  sheep  and  goats  were  slaughtered 
daily.  Tlie  offal,  duiig,  etc.,  ot  the  animals  remained  on  the  ground 
sometimes  for  days,  and  the  soil  was  saturated  with  the  decomposing 
blood  that  had  soaked  in  it.  The  result  was  a  condition  unspeakably 
revolting. 

In  all  cantonments  there  should  be  a  special  place  allotted  for 
the  slaughtering  of  animals.  In  camps  this  may  be  conveniently 
carried  out  under  trees  at  a  distance  from  the  camp,  but  in  large 
cantonments  it  is  necessary  to  erect  proper  slaughter  yards  in  the 
outskirts.  ^ 

In  making  such  slaughter-houses,  one  would  urge  the  necessity 
of  attention  to  the  following  rules  :— The  sites  for  slaughter-houses 
should  be  approved  of  by  the  cantonment  committee.  They  should  be 
at  least  lUO  yards  from  all  dwelling  houses.  They  should  be  thoroughly 
ventilated  by  being  in  direct  communication  with  the  external  air  on 
^11  sides.  In  moat  cases,  a  single  shed  surrounded  by  low  walls  find 
t:  roof,,&nd  a  property  laid  in)permeable  floor  with  drains  are  all  that 
iri'cqmred:    A'roof  in  always  to  he  oonBtructed  m  it  keeps  out  sun  and 
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rain  and  keeps  oflF  kites  and  crows.  The  beams  of  the  shed  should 
be  provided  with  hooks  on  which  to  suspend  the  slaughtered  animals. 
A  room  for  hanging  carcases  for  a  while  after  slaughtering  is  desirable. 
The  floor  of  the  slaughter-house  should  not  be  below  the  level  of  the 
surrounding  ground.  A  cistern  for  abundance  of  water  should  be 
supplied  to  keep  the  place  clean,  or  where  there  is  a  public  water-supply 
a  sufficient  number  of  taps  should  exist  to  effect  this  purpose.  The 
floor  should  be  covered  with  smooth  cement  or  paved  and  have  a  slope 
inclining  to  a  channel  which  should  be  laid  all  round,  or  the  floor  may 
slope  from  both  sides  towards  a  central  drain.  The  channel  or  drain 
should  run  to  a  movable  receptacle.  Sometimes  cement  lined  cisterns 
are  used,  but  these  are  highly  objectionable. 

The  surface  of  the  walls  in  the  interior  of  the  slaughter-house 
should  be  covered  with  hard  smooth  cement  to  a  height  of  three  feet 
at  least.  They  should  have  a  clear  area  all  round  permitting  of 
thorough  ventilation  of  the  slaughter-house  ;  and  a  plentiful  supply  of 
water  for  animals  awaiting  slaugliter  should  be  provided.  The  slaughter- 
house yard  should  also  be  properly  drained.  No  latrine,  urinal,  or 
cesspool  should  be  constructed  within  the  slaughter-house  enclosure  A 
latrine  should  be  erected  at  a  distance  from  this  enclosure,  and  it  should 
be  kept  thoroughly  clean,  and  used  only  by  the  persons  engaged  at  the 
slaughter-house. 

Slaughter-houses,  when  in  use,  should  be  cleaned  daily.  The 
refuse  from  slaughter-houses  should  be  removed  in  covered  receptacles. 

Slaughter-houses  should  never  be  allowed  in  buildings  not  specially 
provided  for  this  purpose.  All  slaughter-houses  sbouhl  be  filled  with 
proper  appliances  and  should  never  be  in  the  denser  parts  of  the  can- 
tonment. Attempts  to  adopt  old  dwelling  houses  to  the  requirements 
of  slaughter-houses  are  always  failures.  The  slaughter  of  animals  in 
other  places  should  be  strictly  forbidden.  Whenever  possible  the. 
slaughter-house  should  be  erected  by  the  cantonment  authority  and 
not  by  private  individuals,  rent  being  charged  to  each  person  for  the 
use  of  the  building.  This  is  preferable  to  renting  the  entire  building 
to  one  man,  who  sublets  it. 

The  chief  points  connected  with  slaughter-houses  are— (1)  Initial 
construction  to  be  in  accordance  with  the  requirements  of  slaughter- 
houses ;  (2)  regular  supervision  ;  and  (3)  insisting  on  the  rigid  observance 
of  a  carefully  drawn  up  set  of  bye-laws. 

D. — Cemeteries,  etc. 

The  manner  of  disposal  of  the  dead  of  our  large  cantonmenls  is  a 
matter  of  much  importance.  U  is  now  generally  held  that  cremaUon 
rbnrn°ng  of  the  dead  is  the  most  speedy,  cleanly  economu-al  and 
who  eU?  metho    of  paying  this  final  tribute.    With    u.rtam  sect 
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of  Hindoos  this  is  the  orthodox  method  of  disposing  of  the  bodies  of 
the  dead  ;  but  with  Europeans,  other  classes  of  Hindoos  and  Mahome- 
dans,  prejudice  and  custom  cause  the  disposal  by  burial  for  the  present 
to  be  the  most  popular  method.  The  existence  of  graveyards  is  etill 
inevitable.     Kegarding  these  we  will  lay  down  a  few  general  rules. 

Site  and  soil  of  cemeteries.— The  soil  of  cemeteries  should  be  dry 
so  that  ground  water  shall  never  rise  high  enough  to  wet  the  corpse  ; 
they  should  be  as  far  from  inhabited  dwellings  as  is  convenient  and 
practicable— 100  yards  is  the  nearest  permissible  limit  to  the  canton- 
ment for  cemeteries. 

There  should  be  good  drainage  to  permit  of  a  free  flow  of  surface 
water  and  the  water  should  not  run  into  any  well  or  water-course  from 
which  drinking  water  is  taken. 

If  there  is  a;  choice  of  sites  we  should  select  a  dry  porous  soil  such 
as  sand  and  gravel  which  allows  free  penetration  of  the  air  and  the 
moisture  necessary  to  permit  the  micro-organisms  associated  with  the 
decomposition  of  animal  matter  to  do  their  work.  Where  only  low-lying 
flat  ground  is  available  for  cemeteries,  the  level  of  the  cemetery  plot 
.should  be  raised  several  feet  to  permit  of  drainage. 

The  graveyard  should  be  surrounded  by  good  walls,  the'  area 
arranged  in  plots,  and  pathways  made  to  permit  of  easy  approach  to  the 
plots.  -  ,  . 

Burial  should  be  in  graves  of  not  less  than  6  feet  deep  with  a  lateral 
interval  of  2  feet  between  each  grave.  Bodies  should  be  interred  in 
regular  lines.  More  than  one  body  should  never  be  buried  in  the 
same  grave. 

Rapidly  growing  plants  and  trees  such  as  casiiarina  and  nim 
should  be  grown  in  lines  between  every  three  or  four  plots  and 
pathways. 

Wells  or  tanks  in  or  near  burial  grounds  should  be  closed,  fenced 
in,  and  notices  forbidding  their  use  posted  on  them. 

There  should  be  no  possibility  !of  the  drainage  of  the  cemetery 
gaining  access  to  any  present  or  prospective  source  of  water-supply, 
whether  this  be  from  wells,  rivers,  streams,  tanks  or  other  sources. 

The  bodies  of  persons  dead  of  infectious  or  communicable  diseases 
should  be  cremated  or  buried  as  early  as  possible,  and  not  kept  in  the 
hospitals  or  anywhere  in  cantonments  for  unreasonably  long  periods 
while  funeral  rites  are  being  carried  out.  Bodies  likely  to  disseminate 
infectious  disease  en  route  to  the  cemetery  or  crematory  should,  before 
removal,  be  wrapped  in  a  s'-eet  .«ntnrated  witli  some  powerful  disinfec- 
tant, such  as  I  to  1,000  solution  of  peroliloride  of  mercury,  or  1  to  20 
otfrbo lie  aoid  solution,  etc.  "  • 
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^  In  overcrowded  and  disused  cemeteries  further  burial  should  be 
prohibited  and  the  ground  properly  fenced  in  ;  any  visible  remains  of 
human  bodies  should  be  re-interred,  all  hollows  filled  up,  the  whole 
surface  ploughed  and  levelled,  and  all  undergrowth,  scrub  and  jungle 
should  be  cleared  away.  The  whole  area  should  be  kept  under  culti- 
vation. 

Overcrowded  and  badly  regulated  cemeteries  have  repeatedly  been 
proved  to  be  injurious  to  the  health  of  the  population  dwelling  around 
them.  There  is  no  evidence  to  show  that  a  properly  regulated  cemetery 
at  a  distance  of  anything  over  300  feet  from  human  habitations  is 
injurious  to  health. 

The  dangers  associated  with  cemeteries  are  — corjtamination  of  air 
and  water,  and  the  possible  effects  arising  from  the  germs  of  specific 
disease,  some  of  which  can  undoubtedly  live  (and  in  a  few  cases 
multiply)  for  sometime  in  earth.  Some  germs  appear  to  multiply 
in  the  deeper  la3''ers  of  the  earth  and  not  in  the  superficial. 

All  cemeteries,  including  those  that  are  disused  and  overcrowded 
should  be  under  the  immediate  control  of  cantonment  authorities  and 
their  administration  should  be  exclusivelj-  carried  out  by  those  autho- 
rities. 

No  burning  ghat  should  be  within  500  yards  of  the  nearest  barrack 
to  it.  The  area  used  for  the  purpose  of  cremating  bodies  should  be 
marked  out.  When  on  the  banks  of  a  river  or  stream  it  should  be 
below  the  sites  chosen  for  water-supply,  bathing  and  washing  clothes. 
The  cremation  should  be  thoroughly  completed  in  every  corpse.  Burn- 
ing ghats  require  close  supervision. 

The  throwing  of  dead  bodes  into  rivers  and  streams  should  be  strictly 
forbidden  within  cantonment  limits  ;  this  is  not  only  repulsiA^e,  but 
may  in  the  case  of  bodies  containing  the  infective  material  of  disease 
disseminate  the  latter.  This  is  believed  to  be  one  of  the  ways  in 
which  cholera  in  an  epidemic  form  arises  in  India  by  river  water 
becoming  specifically  polluted. 

Animal  sacrifice.— Where  the  sacrifice  of  animals  is  customary, 
earth  or  ashes  should  be  spread  on  the  ground  in  a  thick  layer  where  the 
sacrificial  ceremony  is  to  take  place,  so  that  the  blood  is  absorbed;  this 
earth  being  removed  as  soon  as  the  ceremony  is  terminated. 

E— Artificial  Lighting  in  Cantonments. 

The  artificial  lighting  of  cantonment  and  barrack  roads  and  streets 
has  so  many  obvious  advantages  that  it  is  unnecessary  to  dilate  upon 
them  here  Besides  being,  a  general  convenience  and  facilitating 
traffic,  it  prevents  the  commission  of  nuisances.     : 
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The''  light  from  kerosine  oil  lamp?  is  neither  powerful  nor  of  the 
best  quality  ;  the  expense  and  labour  connected  with  them  are  heavy, 
and  they  need  constant  care  and  attention.  They  take  up  much  time 
in  looking  after  them,  and  the  wear  and  tear  Ls  considerable.  Nothing 
can  be  said  in  their  favour  when  comparing  them  with  coal  gas  or 
electric  lighting  On  the  whole,  however,  mineral  oil  lamps  used  with 
the  best  oils  give  a  fair  light. 

F. — Destruction  of  Brushwood  and  Jungle. 

All  brushwood,  scrub,  all  kinds  of  jungle,  rank  weeds,  and  prickly 
pear  (cflci7;s)  in  cantonments  should  be  periodically  cleared  and  removed 
or  burnt.  They  afford  a  repository  for  all  manner  of  refuse  which 
ferments  and  putrefies,  are  used  as  cover  for  persons  committing 
nuisances,  and  for  snakes  and  other  reptiles  and  rats  to  secrete  in, 
interfere  with  ventilation,  attract  water  to  the  subsoil,  are  constantly 
decaying,  and  in  every  way  objectionable. 

In  cantonments,  the  vegetation  should  be  cut  down  and  removed  at 
once,  or,  after  being  allowed  to  dry  burnt  on  the  ground  which  should  be 
dug  over  so  as  to  turn  up  and  destroy  the  roots.  Annuals  should  be 
destroyed  before  the  formation  of  the  seed. 

The  clearing  of  jungle  should  be  carried  out  methodically .  Jungle 
should  be  eradicated  at  the  proper  season.  To  cut  down  wild  arum 
(kochu)  and  bherinda  at  the  beginning  of  or  during  the  rains,  is  worse 
than  useless,  for  the  jungle  springe  up  again  and  the  cut  plants  rot  on 
the  ground.  The  proper  time  for  jungle  cutting  is  either  at  the  begin- 
ning of  the  hot  weather,  or  after  the  complete  cessation  of  the  rains. 

The  lower  branches  of  trees  should  be  pruned  off,  this  training 
being  carried  to  a  height  of  1  0  or  12  feet,  to  allow  of  free  ventilation  of 
air  and  the  passage  of  vehicles  beneath  them  without  inconvenience. 


All  forms  of  wet  cultivation  should  be  prevented  in  the  immediate 
neighbourhood  of  cantonments.    Damp,  vacant,-  and  bare  sites  of  ground 
may  be  planted  with  such  rapidly  growing  trees  as  casuarina  and  nim 
and  the  same  should  be  done  between  cantonments  limits  and  any 
adjacent  undrainable  extensive  marshy  ground. 

Irrigated  lands  in  the  neighbourhood  of  cantonments  are  unhealthy 
because  of  their  fostering  the  breeding  of  mosquitoes,  When  soils  are 
thoroughly  well  cultivated  they  are  mostly  healthy,  notwithstanding  the 
periodical  application  of  manure  to  the  land. 


Gr. — Brick  Factories. 


The  manufacture  of  bricks  either  in  kilns  or  clamps  should  not  be 
allowed  withm  1,000  yards  of  any  cantonment.    In  no  case  should  per 
mission  to  open  a  brick  factory  be  given  until  the  site  has  been  approved 
by  the  sanitary  medical  officer  of  the  station. 
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H. — Dry  Refuse  and  its  Disposal  in  Cantonments. 

Meaning  of  dry  refuse. -  Dry  refuse  consists  chiefly  of  garbage, 
the  peelings  and  unused  parts  of  food,  vegetables  and  fruits,  ashes, 
sweepings,  paper,  rags,  and  the  droppings  of  horses,  cows,  and  other 
animals,  and  various  used-up  articles  of  barraclc-room  life.  This  refuse 
contains  a  considerable  amount  of  organic  matter  which  rapidly  decom- 
poses, and  in  doing  so  gives  off  foul  gases.  This  takes  place  much 
more  rapidly  in  the  presence  of  water.  It  is  very  necessary,  therefore, 
that  refuse  be  kept  dry  ;  no  refuse  water  or  slops  are  to  be  mixed  with 
it.  Further,  it  is  necessary  to  remove  this  material  periodically,  but 
we  require  some  system  to  w^ork  on  in  order  that  we  may  efficiently 
remove  the  dry  refuse  from  all  parts  of  a  cantonment  or  camp. 

The  removal  of  dry  refuse  from  cantonments  requires  that  (1) 
there  should  be  dust-bins  disposed  over  the  barracks,  cook-houses, 
officers'  and  other  bungalows  ;  (2)  a  sufficient  number  of  rubbish  carts 
to  remove  at  least  once  (preferably  twice  a  day)  the  dry  refuse 
collected  in  the  dust-bins,  with  an  establishment  of  drivers  and 
sweepers  for  the  carts  and  collection  ;  and  a  (3)  system  of  final  disposal  in- 
side or  in  proximity  to  cantonments  either  by  incineration  or  otherwise. 
The  number  and  size  of  carts  and  strength  of  the  establishment  required 
depends  on  the  actual  amount  of  refuse  to  be  removed  and  the  distance 
it  has  to  be  taken  for  final  disposal.  In  large  caotonments  it  is  advis- 
able to  have  several  places  to  which  the  refuse  may  be  taken  to. 

The  dust-bin  is  a  movable  ashpit,  usually  cylindrical  in  shape  and 
made  of  galvanised  sheet  or  galvanised  corrugated  iron  with  tight- 
fitting  lid.  This  pattern  is  easy  to  clean  and  facilitates  direct  trans- 
ference of  the  refuse  to  the  refuse  cart.  They  are  infinitely  superior 
to  the  old  brick  ashpits  whichj  should  be  condemned  and  demolished 
wherever  they  exist, 

The  best  way  of  finally  disposing  of  the  dry  refuse  of  canton- 
ments is  by  incineration,  and  any  one  of  the  incinerators  described 
later  on  may  be  used  for  the  purpose.  As  a  matter  of  fact  a  certain 
amount  of  this  refuse  is  used  as  fuel  for  night-soil  incineration  in  a 
large  number  of  cantonments  at  the  present  time. 

Dry  refuse  for  filling  tanks,  borrow-pits,  etc.— There  are  many 
small  and  large  tanks  and  collections  of  surface  water  generally  forming 
breeding  places  of  anophelines  in  and  around  cantonments,  that  could, 
without  risk  to  health,  be  filled  up  with  dry  refuse.  This  should  not 
be  done,  however,  when  such  excavations  are  within  400  yards  of  bun- 
o-alows  and  barracks.  Stable  refuse  will  form  breeding  places  for  flies 
unless  special  care  be  taken  to  render  it  uninhabitable  to  maggots.  The 
best  way  to  do  this  is  to  keep  the  refuse  dry.  In  all  cases  the  final 
levellincT  should  be  carried  out  with  a  layer  of  earth  several  inches 
deep.  When  filling  up  large  excavations  with  dry  refuse  is  decided 
upon  the  work  should  be  carried  out  systematically,  beginning  during 
the  cold  weather,  and  where  possible  completing  the  work  before  the 
onset  of  the  ensuing   rainy  season.    Tf  the  capacity  of  the  excava- 
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tion  is  too  large  to  oomplete  the  filling  and  levelling  before  the  rains, 
it  should  be  divided  up  into  sections  by  one  or  more  kutcha  bands  or 
mud  walls,  and  each  section  taken  in  turn,  the  object  being  to  prevent 
decomposition  and  fermentation  through  admixture  with  water.  The 
earth  for  these  bands  may,  if  there  is  no  rising  ground  in  the  neigh- 
boiu-hood,  be  taken  from  the  margin  of  the  excavation. 

The  shallower  parts  of  tanks  and  excavations  that  retain  water 
should  always  be  taken  in  hand  first,  and  the  deeper  parts  taken 
up  finally,  each  part  being  finished  before  the  next  is  started  and 
before  the  rains  begin.  A  large  number  of  tanks  could  in  this  way 
be  filled  up  and  levelled  at  a  comparatively  small  cost,  and  in  places 
where  there  is  little  or  no  earth  and  draining  is  impossible,  this  is  the 
only  way  available  without  inordinate  cost. 

The  length  of  time  it  takes  to  fill  tanks  and  borrow-pits  generally 
is  readily  calculated  by  ascertaining  their  capacity  together  with  that 
of  the  amount  of  dry  refuse  available  daily. 

When  the  work  is  begun  in  the  spring  of  the  year,  the  shallower 
parts  of  the  excavations,  which  will  in  many  places  have  dried  up,  should 
be  taken  in  hand  hrst  and  shut  off  from  the  deeper  parts  by  bands. 

fi^-^^  ^TJ  ^'^^^  also  divided  into  sections  if  necessary,  should 
be  finished  before  the  beginning  of  the  ensuing  rains.  In  the  case 
of  these  deeper  parts  of  tanks  where  there  are  irregular  and  uneven 
beds,  the  water  should  of  course  be  bailed  out  before  the  lluZ  t 
begun.  A  large  number  of  tanks  could  in  this  way  be  levelled  in  a 
few  years  at  a  comparatively  small  cost. 

A  large  number  of  tanks  and  excavations  are  fairly  deep  in  some 
parts,  especially  near  the  middle,  and  shallow  towards  the  baiks  T^e 
shallow  parts  retain  water  for  a  few  months  after  the  rains  and  gradually 
dry  up^  These  shallow  parts,  especially  when  pools  are  left  in  tliem  are 
much  favoured  by  mosquitoes  for  laying  e^o-g  Tn  f  11 
the  process  of  fiuig  u^^the  tank  canTof  bllVrried'U'^ronTe'It  m:y 
be  taken  m  hand  by  stages.    If  the  bed  of  the  shallower  parts  wZ 

not  as  a  rule  favour  the  breeding  of  mosqui^oes.'^  ^  "^'"'^^ 

lying'^gtund^UhTfrYf  t°  filling  up  of  hollows  and  low- 

th,Il  ,    1  ,  ,y  ^^^^  purpose  of  reclaiming  the  land 

TankrtXYowl  ^^f  '^^''^  ''-'^  human  labUat  ons 

never  be  fil  ed  un7n^/h^  ^''"""^  "".^  borrow-pits  near  houses,  should 
rsonrpl  nf      f  ^  ever  be  deposited  near 

mSelb^  e^ifsSd  LT'  ^'l  '-'T  P'«- 
to  8tnn  srv^oii      •'  •  r      covered  with  a  tew  inches  of  fresh  earth 

to  stop  smells  arising,  and  to  prevent  flies  from  breeding  in  the  refuse 
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No  place  where  rubbish  has  been  deposited  should  be  built  on  for 
a  number  of  years.  Such  "  made-soil,"  unless  all  the  organic  matter 
in  it  is  completely  disintegrated,  is  unhealthy  as  a  house  site. 

Nothing  grows  on  fresh  rubbish  heaps.  Putrefaction  and  fermenta- 
tion occurs  in  tanks  filled  with  refuse.  No  amount  of  earth  prevents 
this  if  water  is  not  first  removed  and  further  accession  of  water  pre- 
vented. 

I._NlGHT-SOIL  AND  ITS  DISPOSAL  IN  CANTONMENTS. 

Importance  of  early  disposal. — It  is  a  matter  of  the  utmost  im- 
portance to  health  that  all  discharges  from  the  bowels  and  kidneys 
should  be  got  rid  of  as  speedily  as  possible.  We  shall  see  that  this  is 
one  of  the  gravest  and  most  difficult  questions  in  the  practical  sanitation 
of  large  cantonments  and  of  standing  camps  in  the  field.  In  billets  in 
villages,  where  houses  are  more  or  less  scattered,  the  community 
small,  and  the  force  resort  to  night-soil  trenches  in  the  fields  to  perform 
the  offices  of  nature,  the  question  of  removal  of  human  refuse  is,  perhaps, 
associated  with  fewer  evils  ;  but  in  the  case  of  large  cantonments  and 
in  standing  camps  on  field  service,  the  disposal  of  excreta  becomes 
literally  a  matter  of  vital  importance. 

The  greatest  danger  from  excreta  is  the  fact  that  with  large 
masses  of  troops  some  are  almost  certainly  suffering  from  one  or  more 
forms  of  infectious  disease,  or  have  recently  recovered  from  such  diseases 
and  their  excreta  contain  the  germs  of  these  diseases.  In  the  case  ot 
ordinary  dejecta,  not  specifically  infective,  it  is  not  until  the  ordure 
begins  to  decompose  that  it  is  injurious.  The  period  when  this  decom- 
position sets  in  varies  with  the  season  of  the  year  and  particularly 
depends  upon  whether  liquid  excrement  has  mixed  with  it  or  not ;  in 
this  latter  case  putrefaction  rapidly  ensues  and  offensive  ammoniaca 
and  carburetted  hydrogen  gases  are  given  off,  especially  in  the  hot 
weather.  All  excreta  (f^ces  and  urine)  should  therefore  be  removed 
from  the  neighbourhood  of  barracks  or  incinerated  as  expeditiously  as 
possible,  and  before  this  putrefaction  sets  m.  _ 

Chief  diseases  arising  from  nifM-soil.-Many  of  thedL^^^^^^^^  that 
occur  in  the  large  towns  of  India  are  due  to  imperfect  removal  ot  tne 
waste  matters  of  the  inhabitants.  Foremost  amongst  these  are  cholera, 
typoid  fever,  dysentery,  and  epidemic  diarrhcea.  • 

Cholera.-With  regard  to  cholera,  we  have  had  enough  proof 
without  insistance  on  the  point  hereto  show  that  the  P-;«^/ 
disease  is  contained  in  the  discharges  of  persons  attacked  (see  p.  105). 
T    +11 J  discharges    therefore,  gain  access  to  the  ahmentary  tract, 
e ith^  by  m  x?^^^^^  water  or  accidentally  finding  their  way 

f  tnd  or^n  anvotherway,  they  are  liable  to  bring  about  cholera.  It 

from  barracks,  camps,  wells,  and  water-sources. 
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Typhoid  fever. — Typhoid  or  eitteric  fever  does  not  affect  the  people 
of  India  to  the  same  extent  that  it  does  the  young  Europeans  coming 
to  the  country.  A  large  number  of  young  British  soldiers  are  yearly 
attacked  with  this  disease;  in  fact,  it  causes  among  them  three  times 
more  deaths  than  any  other  disease.  The  poison  of  typhoid  fever  is  a 
specific  one,  and  is  contained  in  the  discharges  of  patients  (urine  and 
fjBces)  suffering  from  that  disease. 

Many  of  us  know,  from  personal  experience,  that  cZicwT/icm  may 
arise  from  foul  emanations  from  filth  collections.  Dysentery  likewise 
may  be  caused  by  the  microbes  of  that  disease  from  human  excreta. 

Diphtheria  and  sore-throat.— Occasionally  in  India  (although 
much  less  frequently  than  in  Europe)  diphtheria  is  brought  about  from 
the  same  cause ;  in  this  case  also  there  is  a  definite  bacillus  which 
attacks  the  throat.  Various  forms  of  sore-throat  may  also  be  caused  by 
the  emanations  and  germs  given  off  by  putrefying  fteces. 

But  . these  are  not  the  only  effects.  If  we  are  constantly  surrounded 
by  such  accumulations  of  human  ordure  we  are  obliged  to  inhale  the 
products  of  fa3cal  fermentations  ]  these,  in  their  dilute  form  bring 
about  no  sudden  change  in  health,  but  they  produce  a  subtle  influence 
far  more  dangerous  because  less  felt  :  they  bring  about  a  lowering  of  the 
vital  powers  gradually,  thereby  rendering  us  less  able  to  withstand  the 
effects  of  other  disease  causes. 


Systems  Of  night-soil  removal  in  use. -In  most  parts  of  India 
for  want  ot  a  sufiScient  supply  of  water  or  from  the  absence  of  natural 
facilities  such  as  the  want  of  a  proper  fall,  the  removal  of  sewage  bv 
water  either  cannot  be  adopted,  or  it  is  very  expensive  and  difficult 
to  carry  out  Under  any  of  these  circumstances  one  of  several  thines 
occurs-either  (1)  the  material  accumulates  around  dwellings  or  (2) 
it  has  to  be  removed  daily,  or  at  a  few  days'  interval,  by  meaSs'of  caVts 
or  by  manual  labour  by  one  of  the  dry  methods,  or  (3)  the  excreta  are 
incinerated  %n  situ. 

Pail  system.— The  pail  system  in  one  or  other  of  its  various  forms 
is  m  general  use  in  Indian  cantonments.  It  implies  really  Thf  u^e 
of  a  movable  cesspool,  consisting  of  a  pail  or  pan  The  pafl  is  ured 
alone  in  the  latrines  of  Native  troops,  some  liquid  deodorant  or 
disinfectant  is  put  into  it  in  the  case  of  European  t  Ls  I  a  nile 
the  pail  IS  emptied  daily  or  twice  a  day.  ^  ® 

ustotSrtand';hf''^'t^'  ^'r.?''  '^""^  large  cantonments  will  enable 
eTtrbH^hme  f  .1!^  f"'"    'r"^  ^'^^  ^^ere  is  a  conservancy 

establishment  consisting  of  scavengers   and  bullock-drivers  ;  there  are 

tie  nU7    M  water-tight  iron  night-soil  carls   to  convey 

the  night-soil  away  from  the  latrines.  Each  cart  has  a  certain  a^ea  /f 
the  cantonment  allotted  to  it,  with  its  driver,  and  scavenge  Thesl 
men  are  responsible  for  carrying  out  their  wo  k  properly   I  he  W 
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The  latrines  are  placed  in  various  parts  of  the  cantonment  and 
consist,  of  either  galvanised  or  corrugated  iron,  or  of  masonry  or 
brick-sheds,  with  compartments.  Each  compartment  has  a  recess  in 
which  an  iron  pan  or  bucket  fits.  This  bucket  is  emptied  morning 
and  evening,  into  what  we  call  the  "  intermediate"  receptacle;  these 
are  elongated  iron,  cylindrical-shaped  utensils  having  water-tight  iron 
covers.  A  sufficient  number  of  these  is  attached  to  each  privy  to 
contain  the  contents  of  the  pails,  so  that  the  latrines  are  always  more 
or  less  clean.  The  pails  are  emptied  into  iron  receptacles  from  which 
it  is  in  most  cases  again  transferred  into  iron  carts  at  the  latrines. 
The  night-soil  is  then  conveyed  to,  and  deposited  in  trenches  (superfi-  ■ 
cial  or  deep),  or  on  prepared  soil  situated  remote  from  all  houses, 
wells,  tanks,  and  water-courses. 

The  pans,  receptacles,  carts,  and  latrines  are  regularly  tarred;  and 
lately  in  many  cantonments  a  quantity  of  disinfectants  has  been  used 
to  prevent  smell,  to  kill  or  delay  the  multiplication  of  disease-germs, 
and  to  prevent  the  breeding  of  flies.  The  plan  above  sketched,  more  or 
less  modified,  is  that  which  is  adopted  in  most  cantonments  in  India. 
It  is  an  exceedingly  expensive  and  laborious  one. 

In  some  places  carts  are  not  used.  Then  the  intermediate  recep- 
tacle which  is  filled  from  the  pails  or  pans  used  in  the  latrines  is 
carried  on  the  head  of  one  man,  or  where  of  large  size  suspended  on  a 
pole  between  two  men  ;  or  two  of  the  pails  actually  used  in  the  latrines 
are  suspended  from  the  ends  of  a  pole  and  carried  on  the  shoulder  of 
one  man— the  receptacles  and  pails  in  all  cases  having  water-tight 
covers.  In  both  these  latter  cases  the  contents  from  the  receptacles  or 
pails  are  discharged  direct  into  the  night-soil  trenches. 

When  removal  has  to  be  carried  out,  removal  of  the  pails  actually 
used  in  the  latrines  is  by  far  the  best  way  of  doing  this,  one  man 
carrying  two  pails  at  the  ends  of  a  bamboo  slung  across  the  shoulder. 
In  this  case  the  size  of  the  pails  should  be  uniform  and  at  least  one 
cubic  foot  in  capacity,  and  they  should  be  provided  with  properly- 
fitting  covers. 

In  connection  with  latrines  for  Native  troops  and  Native  inhabitants 
of  cantonments,  if  trenching  of  the  night-soil  is  to  be  adopted,  rt  is 
preferable  to  remove  the  solids  and  liquids  separately  ;  and  arrangements 
may  be  made  at  the  latrine  for  keeping  them  separate.  If  the  trenching 
eround  is  any  distance  the  jolting  of  the  carts  causes  mixed  excreta 
to  assume  a  viscid  glutinous  form,  which  makes  it  difficult  to  clean 
the  carts. 

To  work  such  a  system  of  removal  as  this  in  its  perfected  form^- 
it  is  necessary  to  have  a  good  conservancy  staflf,  and  a  sufficient  number, 
of  carts  and  latrines.  One  pubhc  latrine  of  twelve  seats  is  sufficient 
for  .250  men,  or  one  of  five  or  six  seats  per  company. 
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Dry-earth  system.— In  this  plan  dry  earth  is  used  as  a  deodorant 
and  disinfectant  in  the  privy  Ipans  each  time  the  privy  is  used. 
About  three  pounds  of  earth  are  used  on  each  occasion.  Ihis  is 
the  method  that  was  in  use  in  Indian  cantonments  for  many  years. 
Durincr  the  last  five  or  six  years  it  has  fallen  into  disfavour,  and  there  is 
abundant  evidence  to  show  that  it  was  in  all  probability  a  potent 
cause  of  endemic  typhoid  fever  and  probably  of  dysentery.  The  germs 
of  specific  diseases  such  as  dysentery,  infective  diarrhoea,  and  typhoid 
fever,  can  all  live,  and,  at  any  rate  for  a  short  time,  thrive,  in  this  bed 
of  earth,  whilst  the  latter  fosters  the  formation  of  the  ova  of  flies  which 
are  also'capable  of  conveying  the  infection  of  these  diseases.  The  place 
of  the  dry  earth  is  now  being  taken  by  a  liquid  disinfectant  (diluted 
crude  carbolic  acid  or  perchloride  of  mercury  solution  being  probably 
amongst  the  best),  which  is  always  kept  in  the  pans.  This  not  only 
kills  germs  but  militates  against  the  development  of  flies. 

Lt.-Ool.  Glenn  Allen's  system  for  cantonments.— Lieutenant- 
Colonel  GrLENN  Allen,  R.A.M.C.,  in  the  July  1906  issue  of  the  Journal 
of  the  Royal  Army  Medical  Corps,  states  that  the  most  economic  and 
most  generally  applicable  conservancy  method  we  can  adopt  in  India  to 
protect  the  British  soldier  from  typhoid  fever  is : — 

1 .  To  abolish  the  dry-earth  system  entirely  in  the  latrines. 

2.  To  substitute  a  weak  antiseptic,  viz.,  crude  carbolic  acid,  half 
an  ounce  to  the  gallon. 

3.  The  pans  to  be  filled  two-thirds  full  every  morning  with  this 
solution  and  emptied  when  requisite.  The  very  weak  solution  of  car- 
bolic acid  is  simply  to  prevent  the  access  of  flies,  to  counteract  putre- 
faction, and  lower  the  resistance  of  sewage  bacteria. 

4.  Empty  the  pans  directly  into  the  chamber  of  a  special  steriliser 
thus  doing  aw-ay  with  the  objectionable  receptacles. 

6.  The  steriliser  to  be  placed  in  the  space  behind  the  latrines. 

6.  To  abandon  all  shallow  trenching,  whether  on  the  Allahabad 
or  the  Thornhill  pattern.  The  trenches  to  be  3  feet  deep  and  to  be 
filled  in  when  about  12  inches  from  the  surface. 

In  the  event  of  any  form  of  pail  system  being  used  it  is  necessary 
to  know  the  quantity  of  human  excrement  that  will  have  to  be  dealt 
with  to  e.stimate  the  number  of  cylinders  and  carts  required.  Each 
person  in  a  mixed  European  and  Native  force  discharges  on  an  average 
8  ounces  of  ordure  and  about  50  ounces  of  urine.  In  standing  camps 
about  20  ounces  of  the  urine  would  probably  be  discharged  in  the 
night  urinaries  and  not  carted  away.  Roughly,  there  would  be  40 
ounces  per  man  to  deal  with,  which,  with  a  brigade  of  4,000  would 
mean  1,000  gallons  of  sewage  per  diem.  As  ablution  after  use  of  the 
latrine  is  practised  by  Native  troops,  an  additional  40  ounces  per  man  has 
to  be  calculated  for  them.    The  carts  are  usually  60,  80,   100,  or  15Q 
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gallons  capacity,  and  the  cylinders  6  gallons,  from  which  the  numbers 
needed  may  be  easily  estimated.  The  carts  may  be  able  to  make  two 
or  three  trips  in  the  day.  The  lowest  estimate  under  the  most  favourable 
circumstances  would  be  one  60-gallon  cart  per  unit,  with  one  spare  cart 
per  brigade.  The  difficulties  in  connection  with  this  form  of  removal 
in  Indian  Frontier  warfare  are  so  numerous  that  it  will  very  rarely  be 
employed  except  at  the  base  and  on  the  lines  of  communication. 

Latrines — Fined  metal  latrines. — For  European  troops  perma- 
nent or  fixed  latrines  of  some  kind  are  used  in  all  cantonments.  These 
are  usually  constructed  of  burnt  bricks  or  masonry,  and  the  forms  in 
general  use  are  not  such  as  to  meet  with  general  approval  amongst 
military  sanitary  officers.  The  fixed  metal  latrines  employed  in  most 
large  towns  in  India  are  much  more  sanitary.  There  are  many  patterns 
of  these  metal  latrines  which  vary  somewhat  in  details  of  construction.; 
In  these  fixed  metal  latrines  the  roof  should  be  water-proof  and  extend 
beyond  the  area  of  the  plinth,  the  latrine  should  consist  of  a  raised 
platform  or  plinth  of  stone  or  brick  covered  with  cement.  The  latrines 
should  be  placed  at  a  distance  from  barracks  and  bazaars  or  where  they- 
will  not  be  a  nuisance,  and  yet  be  convenient  for  use. 

The  floor  should  in  all  cases  be  of  cement  and  water-tight :  and  the 
platform  for  squatting  on  of  iron,  or  brick  set  and  faced  with  cement, 
or  glazed  earthenware,  and  for  sitting  on  of  wood.  The  compartments 
are  separated  by  corrugated  galvanised  or  sheet  iron  fixed  in  an  angle 
iron  framework,  similar  sheeting  surrounding  the  latrine  and  forming 
its  roof.    Pans  of  suitable  pattern  are  placed  beneath  the  seat. 

The  latrines  must  be  protected  from  flood  and  rain  water.  If  this  is 
done  the  amount  of  material  to  be  dealt  with  is  always  easily  estimated 
for  ;  if  not,  the  whole  system  may  become  a  terrible  nuisance  and  a  source 
of  disease.  In  permanent  latrines  this  is  done  by  raising  the  ground  on 
which  the  latrines  is  to  be  placed  and  causing  the  surface  of  the  ground, 
from  the  outer  limits  of  the  floor  of  the  latrine  to  slope  away  from  the 
latrine,  and  by  providing  a  roof  which  will  protect  it  efficiently  in  every 
part  against  rain. 

Movable  metal  ia^rines.— Movable  metal  latrines  are  specially 
applicable  to  Native  regimental  lines  where  there  is  abundance  of  spare 
ground.  Those  of  what  is  now  known  as  the  "  Delhi  Durbar  Pattern  " 
are  largely  used  in  Indian  cantonments  for  regimental  bazaars  and 
Native  troops.  They  are  exceedingly  simple  in  construction.  They 
consist  of  compartments  enclosed  by  corrugated  iron  sheets  set  in  a 
framework  of  angle  iron.  The  ordure  is  received  into  metal  pans. 
The  user  squats  on  a  platform  made  from  sunburnt  bricks,  stone,  or  iron. 
The  position  of  these  latrines  should  be  changed  at  least  once  every  fort- 
night, and  the  site  they  occupied  dug  up  for  half  a  foot  or  so  and  raked, 
so  that  all  parts  of  the  recently  occupied  area  is  thoroughly  exposed  to 
the  disinfecting  action  of  the  sun.  The  site  should  not  be  used  again, 
if  possible,  for  three  months. 
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These  latrines  are  clean,  easy  to  work,  and  free  •  from  the  nuisance 
associated  with  all  the  older  forms  of  fixed  brick  and  masonry  latrines 
With  these  latrines  the  daily  removal  of  the  excreta  is  carried  out 
in  the  same  way  as  in  the  larger  fixed  latrines.  They  cannot,  however, 
be  compared  as  regards  facility  for  cleaning  with  the  fixed  metal 
latrines  described  above. 

Trenchinff  of  excreta-Selection  of  site  for  trenches.- Low-lying 
land  subject  to  flooding  or  water-logging,  or  not  drained  properly  during 
the  rains,  should  never  be  selected.  The  best  site  is  well  drained  high 
land  with  a  loamy  soil,  situated  to  leeward  of  the  cantonment,  screened 
from'  the  public,  and  not  too  remote.  It  should  always  be  where  at  least 
two  trips  may  be  made  during  the  24  hours.  When  moderately  near  at 
hand  it  prevents  the  drivers  emptying  the  pails  or  carts  on  the  road 
side,  into  ditches,  or  other  tempting  spots.  If  no  elevated  site  is 
available,  the  land  should  be  raised  and  thoroughly  drained. 

Provision  should  also  be  made  to  prevent  higher  ground  around 
draining  towards  the  trenches,  if  necessary,  by  intercepting  drains 
around  the  site.  The  soil  excavated  from  these  drains  may  be  used 
to  elevate  the  trenches.  For  such  elevation  earth  may  be  excavated 
from  a  neighbouring  plot,  and  so  forming  a  sort  of  tank,  the  water 
draining  into  which  wiil  subsequently  be  useful  for  washing  the  carts 
and  pails,  and  for  irrigation  purposes  during  the  dry  season.  If  this 
tank  breeds  mosquitoes  it  should  be  pesterined  or  kerosined. 

Before  describing  the  methods  of  trenching  excreta  in  use  in 
various  cantonments,  I  will  give  a  description  of  the  method  which  is 
carried  out  in  several  large  towns  and  to  which,  if  carried  out  under 
strict  supervision,  there  are  few  objections. 

Preparation  of  the  trenching  ground.— The  ground  should  be 
levelled,  drained,  and  divided  into  12  equal  iDlots,  these  being  intercepted 
by  metalled  roads  and  pathways  for  carts  and  coolies.  Each  part  should 
be  of  sufficient  size  to  accommodate  a  month's  excreta.  The  plots  will 
vary  in  size  according  to  the  population  of  the  cantonment  or  part  of  the 
cantonment  for  which  the  trenches  are  required.  The  amount  that  each 
trench  takes  will  vary  according  to  the  depth  of  sewage  put  into 
it.  This  latter  varies  from  two  to  six  inches,  according  to  the  depth  of 
the  trench. 

Area  required  and  description  of  trenches.— There  are  two  kinds 
of  trenches  in  use: — (1)  ISJiallow,  2  feet  wide  and  9  inches  deep,  with 
a  wall  of  earth  1  foot  thick  between  the  rows  of  trenches ;  into  this 
shallow  trench  2  inches  of  night-soil  is  deposited  ;  (2)  deeper,  2  feet 
wid^  and  12  to  18  inches  deep,  with  a  foot  wall  between  each  trench. 
It  receives  8  inches  of  night-soil, 
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The  area  required  for  the  shallow  system  is  180  square  feet  per  day 
per  1,000  persons.  This  area  includes  the  trenches  and  ground 
between  the  rows  of  trenches.  jMultiplying  this  by  the  days  in  the  year, 
the  area  required  to  allow  each  day's  area  renaaining  fallow  for  one  year 
is  65,700,  sq.  feet,  which  is  about  l^  acres.  The  actual  area  required 
for  1,000  persons  with  the  deeper  trenches  would  be  only  one-fourth  of 
this,  or  a  little  over  one-third  of  an  acre.  These  are  maximum  allow- 
ances to  permit  of  12  months'  rest  of  the  soil.  This  liberal  area  is  always 
preferable  for  towns,  stations  and  cantonments. 

Filling  of  trenches. — This  is  done  by  the  scavengers  emptying  the 
pails  directly  into  the  trenches.  If  carts  are  used  they  should  not  be 
emptied  at  one  end  of  the  trenches  and  the  sewage  then  raked  along  to 
the  other  end.  This  creates  an  abominable  nuisance  It  is  preferable 
to  empty  the  contents  of  carts  into  pails  at  the  trenches,  these  being 
carried  to  the  trenches  and  deposited  one  by  one  along  the  trench.  The 
trenches  for  one  day  should  be  in|one  long  line  and  not  in  a  parallel 
series — the  plot  for  the  month  being  just  sufficient  for  one  trench  a  day. 
The  earth  used  for  covering  the  deposited  night-soil  should  be  heaped 
up  and  not  merely  made  flush  with  the  surface,  as  the  heaping  up  allows 
for  the  sinking  in  of  the  night-soil  which  is  inevitable.  If  hollows  form 
during  the  rains  they  may  become  a  great  nuisance  (J.  W.  Simpson.) 

"  Cultivation  of  trenching  grounds. — The  trenches  should  always 
be  cultivated  after  the  night-soil  has  rested  three  months.  The  ground 
should  be  ploughed  up  and  sown  with  tobacco,  rye-grass,  sugarcane, 
etc.  After  the  first  crop  the  plots  are  ready  for  vegetables  of  all  kinds 
which  may  be  cultivated  and  sent  to  market  without  any  risk  of  being 
causes  of  disease  through  their  production  on  the  trenching  ground." 
(J.  W.  Simpson).  In  dry  places  with  dust-storms,  it  is  necessary  to 
irrigate  the  trenches  to  prevent  the  night-soil  hardening  and  being 
blown  about  as  dust. 

The  chief  drawbacks  to  the  trenching  system  are  its  expense  and 
the  difficulty  of  ensuring  a  sufficient  amount  of  responsible  supervision. 

Trench  system  used  in  Indian  cantonments.— One  of  the  general 
methods  of  trenching  night-soil  now  adopted  in  Indian  cantonments  is 
that  which  originated  at  Allahabad,  and  is  known  as  the  "shallow  trench 
system." 

The  principles  comprised  in  the  shallow  trench  system  are  the  con- 
version of  organic  into  inorganic  matter,  and  the  best  means  for  utilis- 
ing this  change  for  the  purpose  of  practical  farming.  The  object 
arrived  at  is  the  total  destruction  and  nitrification  of  the  sewage  in  the 
shortest  possible  time,  so  as  to  enhance  soil  production  of  vegetation 
and  enable  the  soil  to  be  used  as  a  trench  again  as  expeditiously  as 
possible. 
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Inapplicability  of  this  system  in  camps.  — Such  shallow  trenchei!! 
as  these  should  never  be  used  on  field  service.  Neither  of  the  objects 
aimed  at  is  ever  called  for,  whilst  there  are  many  ways  of  specifically 
contaminated  ordure  superficially  placed  finding  its  way  to  camps  and 
infecting  their  inhabitants.  On  the  other  hand,  in  the  deep  trenches 
used  on  field  service,  the  object  is  to  bury  the  night-soil  in  such  a  way 
that  it  cannot  affect  the  health  of  the  troops  immediately  or  in  the 
future. 

Shallow  trenching  of  night  soil  as  conducted  at  Allahabad,  Luck- 
now,  and  many  large  cantonments  in  India,  and  trenching  after  the 
ThoenhiLL  system,  make  the  undertaking  at  any  rate  a  financial 
success,  but  there  is  not  a  unanimity  of  opinion  as  to  eitber  of  these 
methods  being  hygienically  perfect  or  free  from  risk  to  the  health  of 
the  troops.  It  is  not  altogether  prudent  to  rely  upon  the  soil  (au  agent 
the  physical  conditions  of  which  are  liable  to  such  great  variations)  to 
convert  the  often  dangerous  sewage  into  harmless  and  valuable  manure 
without  danger  to  the  health  of  the  community. 

A  considerable  amount  of  discussion  has  arisen  regarding  the 
Allahabad  shallow-trench  system,  which  has  by  some  been  condemned 
as  liable  to  lead  to  disease,  and  by  other  authorities  been  eulogised  as 
the  entire  solution  of  the  problem  of  the  final  disposal  of  night-soil  in 
India.  As  there  appears  to  be  some  misunderstanding  as  to  what  this 
system  is,  and  as  in  several  stations  the  original  method  has  been 
deviated  from  considerably,  one  gives  here  a  description  of  it  by  the 
officers  who  designed  it,  Majors  A.  C.  Williams  and  D.  J.  Meagher. 

"  Method  of  disposal.— The  superficial  area  of  each  space  required 
for  the  contents  of  a  Crowley  pattern  filth  cart,  containing  60  gallons 
has  been  found  to  be  80  sq.  feet.  The  area  required  per  cart  of  other 
dimensions  can  be  readily  calculated  on  this  basis.  The  most  suitable 
dimensions  for  this  80  sq.  feet  are  16  feet  long  and  5  feet  broad.  Three 
inches  of  the  top  surface  of  this  space  are  removed  and  placed  on  the 
embankment  of  the  plot,  nearest  to  which  the  first  line  of  trenches  is 
dug  The  land  IS  of  course,  first  gaUa  handed  (divided  into  plots  by 
low  embankments)  and  the  trenching  begun  close  to  the  embankment^ 
The  subsoil  thus  exposed  is  well  pulverised  to  a  depth  of  at  least  ^ 
inches.  When  the  contents  of  the  cart  are  tipped  into  the  centre  of 
the  trench,  the  liquid  matter  rapidly  soaks  into  the  loosened  soil,  while 
the  solid  excreta  remain  on  the  top.    This  solid  matter  is  le  s  than 

t     ,  f  ^  ^^'^  similarly  from  he 

top  of  the  next  trench,  which  is  dug  parallel  to  the  firstf  with  no 

ov.rrr°^-Tr- ^^-^^  ^^e  second  trench  Is  thrown 
oyer  the  night-soi  m  the  first  trench,  and  the  process  repeated.  The 
above  generally  applies  to  cantonment  filth  carts'which  contain  a  We 
quantity  o  urine  and  cook-house  water,  the  night-soil  comprising  oT 
^bout  one-third  of  the  contents.  The  municipal  filth  carts  emnloved 
in  bazaars  and  cities,  on  the  other  hand,  largely  contain  at 
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owing  to  defective  sanitary  arrangements,  the  liquid  is  not  collected. 
In  tliis  system,  therefore,  there  is  no  necessity  to  pulverise  the  bottom 
of  the  trench. 

"  Supervision  simplified. — It  has  frequently  been  argued  as  an 
objection  to  the  surface  form  of  disposal  that  it  has  been  difficult  to 
"supervise.  Those  who  thoroughly  understand  the  method  are  agreed 
that  it  can  be  more  effectively  supervised  than  any  other  system.  All 
that  the  overseer  or  supervisor  has  to  do  is  to  see  overnight  that 
sufficient  spaces,  according  to  the  daily  number  of  filth  carts,  have  been 
jprepared;  and  he  can  easily  ascertain  if  the  soil  has  been  sufficiently, 
pulverised  by  thrusting  his  stick  into  each  pit.  He  need  not  return  till 
the  following  evening,  when  he  should  see  that  the  areas  or  spaces 
prepared  have  been  properly  filled  and  covered,  and  that  sufficient 
trenches  for  the  next  day  are  dug.  If  he  should  neglect  to  do  this,  the 
sweepers  will  naturally  empty  two  carts  into  one  space  to  save  labour, 
in  digging. 

"  Suited  to  every  season.— Experience  teaches  it  is  by  far  the 
best  known  system  for  both  wet  and  dry  seasons.  .  It  has  been  carried 
out  at  Allahabad  for  fourteen  years  without  any  hitch,  and  on  various 
descriptions  of  soil,  including  stiff  clay,  black  cotton,  and  sand.  At 
Allahabad  the  success  achieved  is  mainly  due  to  the  farm  having 
remunerated  the  cantonment  sweepers  and  beldars,  engaged  in  this 
work;  and  unless  this  is  done  elsewhere,  it  will  not  be  possible  to 
ensure  the  work  being  carried  out  satisfactorily  and  in  accordance 
with  the  instructions  given  above. 

"Juar  or  millet  to  be  sown  with  cZttb.— Crops  can  be  successfully 
grown  immediately  after  trenching,  and  even  in  the  cultivation  of  grass 
the  first  crop  is  greedily  eaten  by  cattle.  Such  land  should  be  put 
down  to  grass  without  ploughing.  As  regulation  demands  the  sowing 
of  a  sorgkum  crop  on  land  trenched  with  night-soil,  this  should  be 
done  without  disturbing  the  soil  and  exposing  the  newly  buried  night 
soil  At  Allahabad  sorghum  and  grass  are  sown  together  as  described 
below  It  is  first  sown  broadcast  with  about  7  pounds  of  seed  to  the 
acre.  The  chopped  duh  is  then  sprinkled  over  the  seed  and  the  whole, 
tightly  covered  with  earth. 

"  When  the  crop  should  be  cut. -It  will  be  found  that  these  will 
Wow  together,  and  when  the  juar  has  attained  a  heignt  of  about  4  ieet 
f  nd  the  grass  a  height  of  about  1  foot,  the  whole  should  be  cut  together 
«nd  issued  green  to  horses,  mules,  bullocks,  pigs,  or  milch  cattle.  ,  If 
^Sowed  to  grow  higher  the  grass  will  suffer  owing  to  the  excessive  heat 
rwant  of  ventiktion  caused  by  the  juar.  Both  crops  will  shortly 
re  ailear  and  should  again  be  cut  at  the  same  height.  The  third  crop 
wSntain  very  little  juar.  About  six  cuttings  are  obtained  during  the 
vear  w  tTa  total  outturn  of  from  600  to  800  maunds.  Land  thus 
Sched  with  cantonment  night-soil  will  require.re-mannring  after  fiv^^ 
Prwhile  land  similarly  treated  with  city  night-soil  will  last  fully 
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seven  years.  If  necessary,  and  specially  where  the  space  available  for 
trenching  is  limited,  the  ground  can  be  treated  every  second  or  third 
year. 

"  Advantag'es  claimed. — The  system  of  sm-face  disposal  enables 
about  seven  times  as  large  an  area  of  land  to  be  manured-  as  could  be 
done  under  the  deep  trench  system  with  the  same  quantity  of  manure. 
Such  land  rents  readily  at  from  Es.  20  to  Rs.  45  per  acre,  and  this 
means  that  it  is  possible  to  raise  the  revenue  of  cantonments  under 
this  heading  very  considerably. 

"Rapid  decomposition- —Rapid  decomposition  in  the  shallow 
trench  system  is  due  to  the  excreta  being  exposed  (with  a  protection  of 
only  3  inches  of  earth)  to  the  action  of  the  sun  and  atmosphere.  Consider- 
ably less  than  3  inches  of  earth  would  suffice  to  keep  down  the  smell, 
but  as  such  trenching  is  carried  out  on  very  poor  or  barren  land  with 
little  or  no  depth  of  soil,  it  is  beneficial  to  the  land  to  have  3  inches 
over  the  manure,  thus  adding  to  the  depth  of  the  soil. 

The  cost  of  this  system  of  manuring  cannot  be  fully  calculated,  as 
the  cantonment  night-soil  is  usually  obtainable  free,  the  only  expendi- 
ture to  be  incurred  would  be  as  follows : — 

Rs.  a.  p. 

Extra  remuneration  to  cantonment  conser- 
vancy, including  overseer,  per  acre    ...  30    0  0 
Seed  per  acre    ...  ...  ...060 

Labour  for  sowing  and  covering  ...  12    0  fl 


Total        ...  42    6  0 


After  many  trials  and  experiments  of  the  various  methods  of  dis- 
posing of  night  soil  from  a  sanitary  point  of  view,  the  method  here 
described  has  been  found  to  answer  best,  while  at  the  same  time  from 
an  agricultural  point  of  view,  it  is  far  superior  to  the  old  methods  of 
deep  trenching."* 

Objections  to  the  Allahabad  shallow-trench  system —Man v 
obj.echons  have  been  raised  against  this  shallow-trenching,  the  chief 


(1)  That  it  spreads  typhoid  fever  through  specifically  infected  dust 
or  by  washing  bacilli  of  this  disease  into  water-courses  during 
the  rams.    Investigations  carried  out  in  military  stations 
.    where  it  has  been  conducted  on  a  large  scale    especially  in 


Majors  A.  C.  Williams  and  Meaghkr,  The  Farm  Mamial,  pp.  21-23. 


PREVENTION  OF  DISEASE. 


Lucknow  and  Allahabad,  do  not  lend  support  to  this  objec- 
tion, in  point  of  fact  there  has  been  a  decrease  of  the  disease 
in  at  least  some  of  these  stations.  In  all  probability  other 
factors  have  combined  to  bring  about  an  increase  of  this 
disease  in  some  stations  especially  the  typhoid  fever 
"  carrier." 

(2)  That  flies  are  propagated  in  the  trenches  and  through  them 

disease  disseminated.    Tn  all  probability  this  is  the  case. 

(3)  That  the  trenches  are  a  great  nuisance  from  the  offensive  smells 

arising  from  them.  This  is  an  unfounded  objection  when 
the  system  is  properly  supervised.  One  has  been  over  the 
trenches  at  Lucknow,  Bareilly  and  Allahabad  during  different 
seasons  and  could  not  complain  of  the  smell. 

(4)  That  during  the  hot  weather  fermentation  of  the  excreta  gives 

rise  to  the  formation  of  gases  which  displace  the  thin  layer 
of  covering  earth  and  exposes  the  faeces  to  the  open  air.  This 
occasionally  does  happen,  but  can  be  readily  remedied  by 
the  addition  of  further  earth  to  the  parts  where  any  bubbling 
is  observed  on  the  surface. 

(5)  That  during  the  monsoon  the  system  breaks  down  owing  to  the 

flooding  of  the  trenches.  The  heavy  rains  of  the  monsoon 
season  doubtless  militate  against  the  system,  but  any 
serious  results  are  obviated  by  digging  the  trenches  slightly 
deeper. 

Notwithstanding  the  many  points  in  favour  of  the  shallow-trench 
system  it  cannot  be  considered  free  from  the  possibility  of  disseminat- 
ing sewage-borne  diseases,  and  one  personally  is  of  opinion  that  the 
system  of  trenching  described  on  pp.  287-288  is  much  less  liable  to  be 
associated  with  the  spread  of  these  diseases. 

Trenching  grounds  have  on  several  occasions  in  India  been 
accused  as  being  .sources  of  typhoid  fever.  There  is,  however,  no 
evidence  to  show  that  when  a  trenching  ground  has  been  properly 
selected,  elevated,  drained,  situated  to  leeward  of  inhabited  places,  well 
managed  and  supervised,  it  has  been  a  source  of  typhoid  tever. 

Flies  in  latrines  and  trenching  grounds. -Swarms  of  flies  over  a 
trenching  ground  is  an  indication  of  bad  management.  The  ova  ot  t  les 
deposited  in  latrines  are  often  hatched  in  the  trenchi^ag  grounds.  Hies 
iXt  neglected  latrines  and  are  specially  favoured  by  an  unclean, 
n  fnitarv  and  badly  managed  pail  system.  Personally  one  considers 
t^t  the  dry  earth  system  should  be  permanently  banished  from  al 
rni  nicipaUtL,  towns^nd  cantonments.  One  has  no  doubt -about  its 
rinra  'our^  baciUary  dysentery,  infective  diarrhoea  and  typhoid 
fever. 
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All  conservancy  work  connected  with  removal  of  night-soil  to 
trenches  should  be  carried  out  in  the  daytime  when  supervision  is 
possible  and  the  sun  can  assist  in  reducing  any  nuisance  caused.  Night 
work  cannot  be  properly  supervised,  and  the  darkness  offers  temptations 
to  the  workmen  to  deposit  excreta  in  places  not  intended  for  ,the 
purpose. 

Night-soil  poudrette  as  manure.  —In  certain  stations  in  India 
the  night-soil  is  made  into  poudrette  which  is  sold  to  farmers  as  manure. 

In  Poona,  the  poudrette  is  manufactured  by  mixing  the  excreta 
with  ashes  resulting  from  the  burning  of  dry  refuse.  Beds  18  feet 
square  and  1  foot  deep  have  a  layer  of  ashes  1  inch  deep,  spread  at  the 
bottom,  the  night-soil  to  the  extent  of  4  or  5  inches  is  poured  on  the 
ashes  and  this  again  is  covered  with  another  inch  of  ashes.  In  the  dry 
season  this  is  conducted  in  the  open  air  and  the  mass  is  allowed  to 
remain  exposed  to  the  sun  for  24  hours.  In  the  rainy  season  it  is 
carried  out  in  sheds,  and  the  mass  is  not  touched  for  three  days. 
Then  the  night-soil  is  raked  and  thoroughly  mixed,  and  another 
layer  of  ashes  one  inch  thick  is  put  on,  and  the  whole  is  left  to  itself 
for  three  days  in  the  dry  season  and  eight  days  in  the  rains.  In  the  dry 
season  the  mixture  is  next  taken  out  of  the  beds,  exposed  on  prepared 
ground  to  the  sun  for  24  hours  and  then  stored  for  sale.  In  the  rainy 
season  the  drying  has  to  be  effected  under  cover  and  the  whole  opera- 
tion may  take  a  fortnight,  whereas  in  the  hot  and  dry  season  it  is 
completed  and  the  manure  ready  for  use  in  four  days.* 

In  Hyderabad  (Deccan)  we  dealt  with  part  of  the  sewage  in  this 
way  for  some  years,  and  one's  personal  experience  of  it  was  that 
it  is  laborious,  and  during  the  rainy  season  difficult  to  manage  without 
creating  a  nuisance.  It  was  also  expensive,  chiefly  because  it  was 
difficult  to  get  farmers  to  purchase  the  poudrette,  although  we  found  no 
difficulty  in  selling  manure  that  had  been  trenched  for  six  months. 

"  In  very  hot  and  dry  stations  the  drying  could  be  carried  out  in 
shallow  pans,  or  on  a  prepared  surface,  the  sun  and  air  being  the  natural 
agents  employed  for  evaporation  purposes.  Where  there  is  heavy  rain 
this  process  is  expensive  as  it  has  to  be  done  under  cover  by  the  aid  of 
fuel."  In  the  dry  stations  of  the  Punjab  and  Sind  it  should  be  success- 
ful and  inexpensive. 

Septic  tank  system.— The  septic  tank  or  liquefaction  process 
consists  of  permitting  the  crude  sewage  to  pass  slowly— usually  the 
time  allowed  is  24  hours,  but  this  is  altogether  too  short -through  a 
closed  tank  from  which  light  and  air  are  excluded.  During  this  pass- 
age the  sohds  become  liquefied,  chiefly,  it  is  considered,  through  the 
action  of  anaerobic  micro-organisms  ;  the  sewage  on  leaving  the  tank 
is  made  to  pass  over  clinker,  coke,  breeze  or  other  filtering  medium,  the 
effluent  being  allowed  to  pass  into  streams  or  rivers.       °  ' 


*  W.  J.  Simpson,  Tropical  Hygiene,  p.  239. 
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The  tank  roughly  imitates  the  action  of  a  filter-bed  in  water-works 
tne  principal  agency  of  which  is  the  action  of  micro-organisms  lying 
on  the  upper  layer  of  sand  in  the  filter.  ^  ^ 

In  inland  towns,  municipalities,  stations  and  cantonments,  septic 
tanks  m  association  with  the  pail  system  have  not  so  far  been  tried  on 
a  sufficiently  large  scale  to  enable  us  to  form  any  definite  opinion  as  to 
their  value  or  applicability  iu  the  sanitation  of  cantonments.  They 
nave  been  tried  in  a  few  stations  and  the  reports  are  conflicting. 

Destruction  of  excreta  by  incineration.— In  Indian  cantonments 
three  systems  of  getting  rid  of  excreta  are  practised :— Trenching  in 
either  superficial  or  deep  trenches,  incineration,  and  sterilisation.  The 
trenching  is  the  same  as  that- already  described.  A  large  number  of 
Indian  cantonments  are  being  provided  with  incinerators,  into  which 
the  excreta  are  thrown  directly.  As  soon  as  the  pans  in  the  latrine 
have  been  used  they  are  at  once  brought  to  the  incinerator  and  emptied 
into  it.  This  does  away  with  both  the  conservancy  carts  and  the  inter- 
mediate receptacles  or  metal  cylinders  in  which  the  excreta  used  to  be 
collected  between  the  visits  of  the  carts.  The  main  object  aimed  at  in 
these  cantonment  incinerators  is  to  once  for  all  do  away  with  the  risks 
associated  with  trenching,  and  completely  destroy  all  cantonment 
ordure  practically  in  situ.  In  all  cases  the  latrines  of  the  cantonment 
are  divided  up  into  groups,  each  group  being  connected  with  one 
incinerator,  into  which  all  the"  excreta  are  conveyed  direct  from  the 
latrine  pans.  Where  the  latrines  are  remote  from  one  another  a  small 
incinerator  maybe  used  for  each.  The  fuel  emploj/ed  is  stable  litter, 
road  sweepings,  bazaar  dry  refuse,  leaves  of  trees,  etc. 

Attached  to  each  incinerator  is  a  shed  for  storing  the  combustible 
refuse  and  keeping  it  dry  during  the  rainy  season,  and  a  hut  for 
scavengers,  one  of  whom  is  always  on  duty  attending  to  the  incinera- 
tion. 

There  are  various  patterns  of  these  incinerators,  those  in  most 
general  use  at  present  are  Raitt's  or  the  Raivaljnndi  pattern  and 
Hunt's  or  the  Mhow  -pattern,  both  of  which  are  open  incinerators ;  and 
the  Siallcot  and  Cook-Young  patterns,  which  are  closed  incinerators-. 
The  Mhow  pattern  is  considered  to  be  an  improvement  on  the  other 
forms  of  open  incinerators. 

2'he  Mhow  ijattern  incinerator,  which  is  circular  in  shape,  is 
constructed  of  rod  iron  bars  fitted  up  on  1  inch  and  \  inch  angle  iron 
rungs  at  the  top  and  bottom,  with  iron  sheeting  around  the  lower  part 
of  the  perimeter;  it  has  a  covered  chimney  in  the  centre  to  create  a 
draught  through  the  furnace,  the  draught  being  regulated  by  four  doors 
placed  at  equal  distances  around  the  perimeter.  The  bottom  of  the 
incinerator  is  made  of  iron  bars  1^  inches  apart,  upon  which  the  dry 
refuse  is  thrown.    When  incineration  is  in  full   swing   the  ashes 
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accumulatiug  between  these  bars  is  set  free  by  raking  with  an  iron 
rod.  The  incinerator  may  be  covered  by  a  circular  sloping  shed  con- 
sisting of  iron  sheeting  supported  by  bars  of  angle  iron. 

In  using  the  incinerator  the  body  is  filled  with  dry  refuse  fuel  to 
within  a  foot  or  so  of  the  top  of  the  chimney.  This  is  lighted  from  the 
bottom  and  from  the  side  doors,  and  allowed  to  burn  for  from  three  to 
six  hours,  according  to  the  size  of  the  incinerator.  When  there  is  a 
complete  glow  in  the  furnace,  the  contents  of  the  privy  pans,  liquid  and 
solid,  are  emptied Upon  the  furnace,  and  lightly  covered  with  fresh  fuel 
and  burnt  to  an  ash.  The  ordure  is  to  be  distributed  uniformly  all 
round. 

An  incinerator  of  this  pattern  7  feet  in  diameter  ,  will  dispose  of 
125  gallons  of  liquid  and  solid  ordure  in  24  hours,  with  a  consumption, 
of  45  cubic  feet  of  litter  of  fairly  combustible  quality.  When  recharging 
this  incinerator  it  is  only  necessary  to  rake  out  the  ash  with  long  iron 
rods  and  rakes  kept  for  the  purpose,  and  level  the  still  glowing  residue 
upon  which  a  fresh  charge  of  fuel  is  located,  allowed  to  burn  freely, 
and  then  another  lot  of  ordure  is  added  as  before. 

Raitt's  ov  fEe  Rakoalpindi  pattern  incinerator  is  much  the  same 
as  that  just  described  except  that  they  have  hitherto  been  made  larger, 
the  general  size  being  from  10  to  13  feet  in  diameter.  They  are 
circular  in  shape,  made  of  iron  hooping  radiating  from  a  centre,  and 
attached  to  a  framework  of  angle  iron  at  the  circumference. 

The  chief  objections  to  these  open  incinerators  at  present  are  con- 
nected with  obtaining  sufficient  dry  refuse  for  the  complete  combustion 
of  ordure,  dampness  of  the  dry  refuse  during  the  rains,  even  when  drying 
sheds  and  roofs  are  provided  to  the  incinerators,  the  unpleasantness 
associated  with  the  fumes  from  burning  damp  refuse  during  the  rains 
(which  could  be  partly  overcome  by  a  higher  chimney),  the  difficulty  of 
regulating  the  combustion,  the  effect  of  high  winds  in  blowing  ashes- 
and  debris  from  the  charged  incinerators  (to  some  extent  obviated  by- 
wind  screens),  the  fact  that  they  have  some  trouble  in  dealing  with  the 
urine,  absence  of  any  arrangement  for  consuming  the  smoke  created, 
and  the  amount  of  repairs  required.  To  be  economically  worked  the 
fuel  should  consist  of  dry  refuse,  stable  litter,  road  sweepings,  bazaar 
refuse,  fallen  leaves  of  trees,  etc.,  which  are  not  always  easy  to  obtain, 
store,  and  maintain  in  a  dry  state  in  sufficient  quantities  to  keep  the 
incinerators  working  regularly  throughout  the  year.  One  has  no  doubt 
that  all  these  difficulties  will  in  time  be  removed. 

The  Sialkot  incinerator. — This  is  a  pattern  in  use  in  some 
cantonments  in  Northern  India,  and  is  designed  to  effect  the  complete 
cornbustion  of  all  latrine  excreta  and  ablution  water  under  a  closed 
incinerator.  The  body  of  the  incinerator  is  composed  of  bricks,  which 
should  be  of  the  best  quality  and  set  in  '.lime.    Angle  iron  is  used  for 
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Jll^h^'?  ''^'t  g^'^^i'^g'  ^^-e  fixed  at  a  height  of  12 

of  the  small  tnHn. incinerators,  and  wind  screens  and  oofs 

fiamewo  i     .  '  ^  '^^'^  ^^g'e  iron 

namewo.k.    Ihe  cover  or  door  fits  into  the  openings  in  the  lar^e 

incineratoi-s  and  is  removed  as  required.  The  forna^ce  is  fed  from 
The'in.irl  nf  r^f*^  ''P^"^"^^  made  below  the  grating, 

the  draught  tZ  r^""  ^«  dome-shaped  to  avoid  angles  and  enhance 
re^if^pZ  ,  f  pattern  IS  used  for  regimental  bazaars  and 

regimental  latrines.    In  them  the  chimney  is  constructed  over  the 

IZJ^^I   ^^  '^^'■^^"g  ^^^°g  °°  tlie  dome  just 

above  the  beginning  of  its  curve  from  the  lateral  walls. 

'  In  these  also  the  privy  pans  are  emptied  directly  into  the  incine- 
rator and  as  soon  as  possible  after  the  pans  have  been  used  This 
obviates  the  gathering  of  flies.  A  two-roomed  shed  is  constructed  in 
the  vicinity  of  the  incinerator,  one  room  for  storing  refuse  and  the 
other  for  the  scavengers  who  attend  to  the  incineration.  It  is  stated 
Uiat  the  ash  left  after  incineration  is  a  valuable  manure  for  heavy  soils 
I  he  chief  advantages  claimed  for  this  incinerator  are— durability  and 
simplicity,  economy  in  construction  and  subsequent  working,  independ- 
dence  of  meteorological  influences,  the  litter  used  cannot  be  blown 
about  which  is  one  of  the  defects  of  the  Kaitt  and  Mhow  pattern 
incinerators,  the  fire  is  easily  lighted,  and  the  process  of  feeding  and 
maintaining  the  furnace  in  action  is  very  simple. 

It  may  be  considered  that  all  these  incinerators  are  still  in  the 
experimental  stage,  and  one  is  of  opinion  that  when .  perfected  the 
ultimate  outcome  will  to  a  large  extent  solve  the  problem  of  dealing 
with  night-soil  in  cantonments,  and  comparatively  small  communities 
when  health  and  not  profit  is  aimed  at. 

The  Cook-Young  incinerator  is  a  square  brick  structure  which 
also  uses  dry  refuse  for  incineration  of  the  ordure.  The  bed  for  the 
refuse  is  formed  of  iron  bars.  Arrangements  are  made  at  the  sides  for 
draught,  and  the  fumes  are  carried  away  by  a  chimney  in  the  roof.  The 
door  is  also  in  the  roof  which  is  constructed  of  sheet  iron.  For 
dealing  with  a  small  amount  of  ordure  such  as  that  of  a  regimental 
hospital  or  station  hospital,  this  is  a  handy  incinerator.  It  may  also 
be  used  for  the  grouped  latrines  of  detachments  of  men  up  to  250  or 
300.    It  deals  with  both  solid  and  liquid  excreta. 

Another  form  of  night-soil  incinerator  is  the  following.  It  consists 
of  an  elongated  rectangular  brick  chimney  20  feet  in  height,  broad 
below,  narrow  above ;  at  the  bottom  of  the  chimney  is  a  grate  formed 
of  parallel  thick  iron  bars  about  1^  inches  apart,  stretching  from  one 
side  of  the  base  of  the  chimney  to  the  other.  About  3  feet  above  the 
grate  is  a  window  in  one  side  of  the  chimney,  approached  by  brick 
steps.    The  upper  surface  of  the  grate  is  thickly  packed  with  dry 
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refuse  and  tlie  sewage  is  shot  on  to  it.    The  incinerator  is  started 
by  wood  fuel,  lighted  in  a  space  below  the  grate.    After  each  day's 
sewage  is  incinerated,  the  ash  is  raked  out  and  a  fresh  quantity  of  dry 
refuse  and  excreta  added.    The  excreta  are  carried  in  pails  of  one  cubic 
foot  capacity  by  scavengers,  two  slung  on  to  the  ends  of  a  bamboo,  being 
carried  by  each  man  from  the  latrine  and  thrown  directly  from  these 
pails  on  to  the  incinerator.    In  two  stations  where  one  worked  this  form 
of  incinerator  the  daily  consumption  of  wood  fuel,  besides  35  cubic 
feet  of  dry  refuse  for  the  excreta  of  850  men,  was  3  maunds.  One 
incinerator  was  sufficient;  it  was  in  one  case  400  yards  from  the  barracks 
and  in  the  other  450.    There  was  practically  no  nuisance  attached  to 
the  working,  except  occasionally  slight  trickling  of  the  liquid  part  of  the 
ordure  on  to  the  ashes ;  when  this  happened  ashes  and  all  were  returned 
into  the  incinerator.    This  is  the  least  expensive  method  of  dealino- 
with  the  night-soil  of  a  cantonment  one  is  acquainted  with.  There 
is  nothing  to  get  out  of  gear,  and  the  only  recurring  expense  was  that 
of  repairing  or  renewing  the  iron  bars  of  the  grate.    In  the  instances 
above  quoted,  the  urine  was  to  a  large  extent  collected  separately 
conveyed  in  the  same  kind  of  pails  and  trenched.    The  capacity  of  the 
incinerator  was  limited  to  dealing  with  15  cubic  feet  of  mixed  ordure 
m  the  24  hours,  about  7  cubic  feet  of  which  consisted  of  solid  faeces  and 
8  of  urine.    It  will  be  seen  that  this  is  a  closed  pattern  incinerator 
and  that  it  is  very  much  like  that  of  the  Sialkot  pattern.  ' 

In  practically  all  inland  officers'  bungalows  the  bath-room  contains 
a  commode.  When  used  the  sweeper  at  once  removes  the  pan  and 
empties  the  contents  into  a  cylindrical  pail  or  other  receptacle  kept  in  a 
special  shed  in  the  compound.  The  contents  of  the  cylinder  is  removed 
by  tlie  cantonment  conservancy  establishment.  It  is  very  desirable 
that  some  form  of  disinfectant  be  kept  constantly  in  the  pan  of 'the 
commode,  so  that  all  the  excreta  are  to  some  extent,  at  least,  disinfected 
^  or  this  purpose  one  or  other  of  the  following  (properly  diluted)  is  verv 
useful-saponified  cresol,  cresol,  cyllin,  lysol,  creolin,  izal  and  Jeyes' 

The  bath-room  water  should  not  be  allowed  to  simply  trickle 
through  a  hole  m  the  wall  on  to  the  surface  soil  outside.  It  hou Id  flow 
through  such  a  hole  (covered  with  perforated  metal  or  close-meshed 
wire-gauze  to  exclude  snakes,  rats  or  other  vermin,  flies  and  mosqmtoe^ 
commumcating  with  a  tubular  pipe  which  opens  into  a  branch  dr-i7i 
running  into  the  general  house  drain  or  into  a  movable  metal  leceptal 

SANITATION  OF  CAMPS. 
A.— Camp  Sites. 

^nn  .^P'^^l-y^^"^  barracks  in  cantonments  the  habitations  of  troops  mnv 

necessary  to  bivouac;  sometimes,  in  the  presence  of  the   enemv  h 
may  be  necessary  to  do  so  for  days  or  even  weeks  together.  ^ 
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The  more  important  points  in  connection  witli  the  sanitation  of 
camps  are— the  site,  disposition  of  tents,  water-supply,  kitchens, 
latrines,  m-inals,  disposal  of  refuse,  ablution  places,  arrangements  for 
drying  of  clothes,  disposal  of  dead  carcases,  slaughtering-place  and 
site  for  cemetery. 

Regulations  regarding  selection  of  sites  — Regarding  the  selec- 
tion of  Imbitations  and  sites  for  camps,  huts,  etc.,  on  field  service  the 
Regulations  are  The  P.M.  0.  of  the  field  force  (or  his  deputy) 
will  accompany  the  Quarter-Master-General  (or  such  officer  as  the 
latter  may  appoint  j  in  selecting  buildings  for  the  troops.  He  will 
examine  into  the  sanitary  conditions  of  such  buildings  and  will 
advise  the  Quarter-Master-Geueral  on  the  same.  He  will  point  out 
in  his  reports  any  defects  requiring  remedy  and  state  the  number 
of  troops  or  sick  which  can  be  safely  accommodated  in  the  buildings. 
He,  or  his  deputy,  will  accompany  the  Quarter-.Master-General  (or 
such  other  officer  as  the  latter  may  appoint)  in  his  inspection  of 
sites  for  encampments  and  will  give  his  opinion  on  the  salubrity  or 
otherwise  of  the  proposed  position,  with  any  recommendations  he  may 
have  to  make  respecting  drainage,  preparation  of  the  ground,  distance 
of  tents  or  huts  from  each  other,  number  of  men  to  be  placed  in  each 
hut  or  tent,  state  of  cleanliness  of  surrounding  ground,  ventilation, 
water-supply,  position  of  latrines  and  slaughtering-places,  cleansing, 
and  the  disposal  of  refuse  ;  burial  of  the  dead  ;  disjiosal  of  carcases  of 
animals  ;  and  on  ail  matters  likely  to  affect  the  health  of  the  troops 
and  followers." 

Sites  are  chiefly  regulated  by  military  considerations.— Once 
within  the  enemy's  country  the  site  for  camps  will  be  largely  influenced 
by  strategical,  tactical,  or  other  military  exigencies  ;  nevertheless,  expe- 
rienced generals  fully  appreciate  the  necessity  of  attaching  due  weight 
to  sanitary  considerations.  The  history  of  Indian  warfare  shows  that 
in  the  absence  of  special  miliiary  objections,  generals  have  usually 
selected  the  healthiest  available  i-ites  for  their  force. 

•  Principal  Medical  Oflacer's  duty  when  unhealthy  site  has  to  be 
occupied.— It  may  at  times  be  necessary  to  weigh  the  question  of  the 
effects  of  an  insalubrious  site  ou  the  Army  as  against  tl:e  advan- 
t-daea  of  a  victory  gained  in  sucli  a  locality,  and  it  may  happen  that  the 
sanitary  adviser  with  the  force  will  have  to  place  a  statement  of  the  risks 
from  disease  under  the  circumstance,  before  tlie  Greueral  Officer  Com- 
manding, under  whom  lie  is  serving.  The  latter  is  the  responsible 
officer  and  it  is  in  justice  due  to  him  that  he  should  have  all  the 
chances  of  .-uccess  or  "the  reverse  before  him  when  deciding  as  to  the 
course  he  will  pursue. 

Most  suitable  sites.— If  we  have  a  choice  of  sites  the  cue  to  be 
selected  would  iiave  a  permeable  surface  soil  and  eubsoil,  which 
dees  vot  receive  and  hold  the  surface  water  draining  fiom  higher 
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around,  wliioh  has  a  moderate  fall  for  draiuage,  not  covered  vvith 
v-eoetation,  and  not  adjacent  la  marshy  gronnd  An  ideal  campmg 
ground  would  be  one  with  a  gentle  .slope,  on  even  ground  near  the 
FTimmit  of  risino-  gronnd,  on  a  gravelly  or  sandy  sail,  near  a  mountain 
stream  which  has  no  villages  on  its  banks  for  some  miles  above  the  site 
of  tlie  camp..  The  higher  the  ground,  especially  if  it  slopes  all  round, 
tlie  better  the  drainage  of  the  camp,  the  fresher  the  air  and  the  freer 
the  ventilation. 

If  a  marshy  area  must  be  occupied  we  should  select  the  highest  plot 
around,  and,  if  possible,  have  a  belt  of  trees  between  the  camp  and  the 
marsh.  Where  a  force  has  to  march  through  and  remain  in  malarious 
districts,  the  advisability  of  providing  it  with  mosquito  nets  should  be 
considered.  This  has  been  done  under  regimental  arrangements  in 
many  cantonments,  and  could  readily  be  carried  out  in  the  same  way 
on  iield  service  in  malarious  places. 

The  neighbourhood  of  recently  ploughed  fields,  rics-fields,  marshes, 
undergrowth,  are  to  be  avoided,  as  in  such  places  mosquitoes  and  other 
insects  are  certain  to  be  present  in  swarms  during  most  parts  of  the 
year. 

Abandoned  camping  grounds  should  nafc  be  occupied  if  they  can 
be  avoided.  Old  camping  grounds  are,  as  a  rule,  infected  by  previous 
occuiiation— tlie  soil  is  often  specifically  infected  by  the  germs  of  com- 
municable disease;,  some  previous  occupants  may  have  been  "  carriers  " 
of  certain  diseases,  whose  discharges  may  infect  new  occupants.  The 
sites  of  our  old  camping  grounds  are  known  by  the  raised  positions  of 
the  latrine  trenches,  tent  drains,  kitchens,  ete. 

Sites  to  be  avoided.— Banks  of  rivers,  especially  those  which 
overflow  periodically,  and  those  which  are  drying  up  aud  contain  stag- 
nant pools,  are  unhealthy,  as  are  also  those  of  all  marsh  lands.  As  far 
as  practicable,  we  avoid  sites  at  the  bases  of  hills,  in  ravines,  deep 
valleys,  and  sites  draining  higher  ground.  All  low-lying  and  hollow 
grounds  should  be  avoided.  Into  these  the  water  of  the  higher  ground 
drains  and  collects,  making  the  site  damp  and  unhealthy.  All  camps 
should  be  as  remote  as  possible  from  jlteels,  marshes,  and  swamps. 
Narrow  ravines  at  the  foot  of  most  of  our  Indian  Frontier  mountains  are 
malarious,  some  of  them  intensely  so.  No  camp  should  be  placed  in 
ravines  or  the  dry  beds  of  water-courses.*  A  sudden  fall  of  rain  or  a 
freshet  may  convert  either  into  a  torrential  river.  Part  of  Alexander 
the  Great's  array  was  submerged  in  the  bed  of  the  Indus  by  a  sudden 
filling  of  the  bed  of  the  river  with  water.  Clay  sites  are  to  be  avoided 
on  account  of  their  dampness  and  liability  to  cause  chills,  fever,  local 
inflammations,  and  rheumatism. 

*  Combined  Training,  sec.  34. 
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Damp  sites,  evils  of.— A  damp  soil  is  especially  to  be  avoided. 
The  evil  effects  of  constantly  living  and  sleeping  on  a  damp  soil  soon 
became  manifest  amongst  all  but  the  hardiest  troops.  Both  the  French 
and  the  Germans  suffered  much  from  this  in  the  autumn  of  1870  at 
Metz.  The  French  troops  were  bivouacked  outside  the  town,  between 
and  outside  the  forts.  They  were  poorly  fed,  and  suflering  from  inertia, 
when  in  September  and  October  heavy  rains  made  them  cheerless  and 
unhealthy  to  a  degree,  and  their  sick-rate  rapidly  increased ;  the 
Germans,  with  many  factors  in  their  favour,  including  better  feeding, 
had  "  in  some  divisions,  50  per  cent  on  the  sick  list." 

Straw  for  damp  sites. — When  the  use  of  a  damp  site  is  unavoid- 
able, especially  in  a  standing  camp,  straw  should,  if  possible,  be 
provided.  With  the  regulation  allowance  of  5  lbs.  per  man  under  a 
waterproof  the  soldier  is  rendered  comfortably  warm,  and  to  a  great 
extent  protected  against  local  and  general  chills.  When  the  quantity 
of  straw  is  limited,  it  could  be  economised  by  making  it  into  mats  2  or 
3  inches  thick ;  these  can  be  exposed  to  the  sun  every  day  to  secure  dry- 
ness. A  straw  mat  may  also  be  formed  by  making  straw  ropes  and 
interlacing  them  on  piclsets  driven  into  the  ground."* 

"The  site  of  the  camp  should  be  dry  and  on  grass  if  possible. 
Steep  slopes  must  be  avoided,  but  gentle  slopes  facilitate  drainage. 

With  undergrowth,  low  meadows  and  newly  turned  soil  are  apt  to 
be  unhealthy.  Clay  is  usually  damp.  Eaviues  and  water-courses  are 
dangerous  sites,  as  a  sudden  fall  of  rain  converts  them  into  stream*."! 

The  position  of  suitable  water-supplies  largely  influences  the 
selection  of  sites  for  camps,  especially  in  connection  with  temporary 
camps.  In  more  permanent  camps  it  is  often  desirable  to  select  a  site 
at  some  distance  from  the  water-supply  and  bring  the  water  to  the 
camp.  "A  good  water-supply  is  essential,  but  considerations  of  safety 
may  compel  the  force  to  camp  or  bivouac  at  some  distance  from  it. 
Facilities  of  site  for  shelter,  fuel,  forage,  food,  straw,  etc.,  are  also  taken 
into  consideration. "J 

Whenever  possible  regiments,  whether  in  camp  or  billeted  i» 
villages,  should  not  be  far  from  their  water-supply,  as  this  entails 
greatly  increased  labour,  men  losing  their  rest ;  and  in  billets,  tends  to 
create  confusion. 


*  Manual  of  Military  Engineering,  1905,  p.  78;  see  also  PI.  65,  figs.  2  and  3, 
and  PI  67. 

+  Comhimd  Training,  1905,  p.  35,  t  Und,.  p.. 36. 


GE^fEKAL  HYGIENE. 


301 


Most  camping  grounds  require  some  preparation  before  [n tolling 
the  camp— removal  of  stones,  rubbish,  long  grass,  low  shrubs,  jungle, 
etc.  Jungle  and  shrubs  give  shelter  to  insects  and  snakes,  offer 
tempting  places  to  throw  rubbish  in,  and  hide  foul  accumulation!-. 

Loose  soil  sites  rapidly  contaminated.  -  It  should  be  remembered 
that  the  sites  of  tetnporary  camps  on  any  kind  of  loose  soil  rapidly 
become  contaminated  in  the  absence  of  the  strictest  hygienic  precautions, 
and  even  with  the  best  sanitary  cleanliness  the  site  requires  to  be 
changed  as  frequently  as  practicable. 

Sites  with  rank  vegetation,  treatment  of —All  sites  covered 
with  rank  or  decaying  vegetation  are  unhealthy,  chiefly  because  there 
is  necessarily  moisture  in  the  soil,  or  an  excessively  humid  atmosphere, 
and  when  both  these  conditions  are  combined,  the  air  is  usually  laden 
with  the  products  of  vegetable  decay.  Under  these  circumstances  also 
there  is  likely  to  be  swarms  of  malaria-bearing  anopheline  mosquitoes. 
In  all  stationary  camps,  whenever  jungle  and  brushwood  exist  in  and 
around  the  camp,  it  ought  to  be  cleared  from  the  camp  for  a  distance  of 
100  yards.  On  no  account  should  cut  vegetation  be  allowed  to  remain 
in  or  near  the  camp— it  should  be  collected  into  heaps  to  leeward 
and  in  a  day  or  so  will  burn  readily.  ' 

If  occupation  of  a  mosquito-ridden  area,  such  as  that  of  a  marsh 
is,  for  military  reasons,  inevitable,  it  is  desirable  to  encamp  to  the  wind- 
ward side  of  it,  and,  if  possible,  to  have  a  screen  of  trees  between  the 
camp  and  the  marsh. 

Encamping  grounds  are  provided  almost  throughout  the  country 
along  the  routes  frequented  by  troops,  during  reliefs,  etc.  Attached  to 
these  IS  usually  a  well,  with  a  masonry  or  brick  watering  trough 
for  animals,  and  a  hardasht  khana  for  supplies.  ^ 

Whenever  there  is  a  choice  of  sites  it  is  well  to  select  one  as  if  if- 
were  to  be  for  more  permanent  occupation,  as  a  temporary  camp  mav  on 
occasions  have  to  be  occupied  much  longer  than  anticipated. 

Other  points  to  be  considered  in  the  site  are  facilities  for  obtain- 
ing shelter,  fuel,  forage  and  straw."  *  "otain- 

Duties  of  sanitary  officers  in  enemy's  countrv  ro„o>.^-  ^ 

Sites^-When  marchingin  brigades  or  division  Jfn  anTknLiS^^^^^^ 
country  a  responsible  sanitary  oflScer  should  invariably  be  with  the 
advanced  column  ;  he  should  have,  as  far  as  his  branch  ^f  work  s  con 
cerned,  and  compatible  with  military  exigencies,  full  authority  to  eiSe 
eLt  tT '"^  sanitary  and  hygienic,  bJing  given 


Comhined  Traininy,  1905,  p,  35. 
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Information  regarding  sites,  etc,  to  be  sent  back  to  rest  of 
force. —All  iiii'i'iiniition  likely  to  atfect  or  be  useful  in  Y>i"^serving  l.lie 
health  of  Miii  troops  regarding  route,  conditions  of  cam[)ing  ground, 
alterntjtive  camps,  water-supply,  quality,  quantity  and  kinds  of  food- 
supplies,  latrine  sites,  presence  of  recent  oi-  existing  communicable 
disease  amongst  inhabitants  of  adjacent  villages  oi-  towns,  should  he 
transmitted  to  tiie  advancing  units,  brigades  or  divisions.  When  march- 
ing in  regiments  this  inforraation  should  be  provided  by  the  medical 
officer  of  the  unit  and  submitted  to  his  coramandinff  officer,  who  will 
transmit  it  to  the  officer  commanding  the  next  advancing  unit. 

Orders  regarding  selection  of  site  for  camp  or  bivouac— When 
a  halt  in  bivouac  has-  to  be  made,  and  where  the  local  population  ar& 
not  to  be  relied  on,  a  staff  officer,  with  a  medical  officer  and  a  suffi- 
cient number  of  men  may  be  sent  on  to  choose  the  site  for  the  bivouac, 
and  to  place  sentries  over  the  wells  on  arrival  at  a  village  or  town. 
During  halts  in  bivouac  the  Russians  allotted  one  or  two  wells  for  the 
use  of  the  local  inhabitants,  and  put  sentries  over  the  other  wells, 
the  sentries  taking  charge  of  the  ropes  and  buckets  issued  on  the 
arrival  of  the  troops.  These  buckets  were  used  exclusively  for  the 
drawing  of  water.  Under  these  circumstances  it  is  important  that  the 
allotment  of  wells  should  be  definitely  fixed  for  units,  etc  ,  as  early  as 
practicable.  The  supply  from  practically  all  wells  on  field  service  on 
our  Frontiers  is  comparatively  limited,  and  it  is  important  to  ascertain 
the  yield  early,  as  it  may  be  imperative  to  limit  the  supply  to  drinking 
purposes  only. 

The  principal  medical  officer  is  to  inspect  the  towns  and  villages 
about  to  be  occupied  as  to  their  sanitary  condition,  and  their  vicinity  ; 
and  to  formulate  a  scheme  for  the  organisation  of  a  proper  sanitary 
police  to  maintain  cleanliness  and  remove  nuisances,  and  for  such  other 
purposes  affecting  the  health  of  the  troops  as  he  may  deem  necessary. 

B.  Tents:  their  Disposition,  Capacity  and  Hygiene. 

Regulations  regarding  general  arrangements  of  camps.— The 

special  points  about  camps  in  the  iield  enjoined  for  consideration  by 
the  Regulations  are — 

(1)  the  length  of  time  the  troops  are  to  occupy  the  camping 

grouud  ; 

(2)  that  order,  cleanliness,  ventilation,  and  salubrity  be  ensured ; 

(3)  that  means  of  passing  through  the  camps  are  essential; 

(4)  that  a  straggling  camp  increases  labour  and  fatigue  duties, 

impedes  delivery  of  supplies  and  circitlation  of  orders ;, 

(5)  that  the  more  compact  a  camp,  the  easier  is  it  defended. 
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Knowledge  of  Field  Service  Encampment  Regulations  required 
by  all  officers  with  the  force.— All  officers  doing  duty  witli  tioops  in 
the  field  sliould  make  tlieinselves  familiar  with  Field  Encampment 
Regtdations,  India,  Field  Service  Encampments,  Sec.  Ill,  and 
Peace  Fncavqjment.  The  authorised  plan  of  camp  should,  where 
practicable,  be  loUowed,  except  wlien  nulitary  or  strategic  reasons  call 
for  its  modification. 

It  will  be  seen  from  what  follows  that  the  health  of  troops  in 
camp  to  a  large  extent  depends  upon  the  attention  given  to  tlie  details 
of  its  sanitation  by  all  ikitish  officers,  administrative  and  executive, 
with  the  force,  and  ujjon  all  ranks  rigidly  obeying  and  carrying  out  all 
orders  connected  with  their  sanitary  welfare. 

It  is  a  good  rule  to  make  all  arrangements  in  camps  as  if  they 
were  intended  for  several  days'  occupation. 

Camps  are  nothing  more  than  temporary  canvas  towns  in  which 
the  actual  area  covered  by  the  individual  tents  is  densely  crowded  with 
occupants.  ■ 

Tents-— The  tents  in  use  in  the  Indian  Army  a;re,:-- 

1=  General  Service.— This  is  provided  with  3  poles  and  a  ridge 
pole;  has  a  weight  of  160  lbs.;  length  14  feet,  breadth  14  feet 
heigiit  of  walls  1  foot;  height  of  ridge  pule  7  feet;  cubic  space  686 
cubic  feet.  It  is  used  on  field  service  and  accommodates  16  British  or 
20  Native  soldiers,  or  25  followers.  In  the  case  of  European  troops 
the  cubic  space  per  head  is  about  43  cubic  feet,  and  in  that  of  Native 
troops  about  34  cubic  feet. 

2.  General  Service  (small).— This  has  two  poles  and  a  ridge  pole 
weighs  80  lbs  ,  is  8  feet  long,  14  feet  broad ;  walls  1  foot  high  ;  heiaht 
to  ndge  7  feet;  cuhic  space  .392  cubic  feet.    It  is  also  use  1  on  field 
service  and  accommodates  8  British,  10  Native  soldiers,  or  12  follower^ 
Ihis  gives  49  cubic  feet  per  head  for  European  troops,  and  39  cubic 
feet  lor  Native  soldiers. 

3.  Mountain  Serviee.—This  has  two  poles  and  a  rid^e  pole  -  is  1? 
feet  long,  8  broad  ;  wall  10  inches  high  ;  height  to  ridge^les  8  feet  • 
cubic  space  544  cubic  feet.  It  is  used  for  field  hospitals  and  accom- 
modates  lour  sick. 

4.  British  Privates  (-  E.  P.").-These  have  two  poles  and  a  rid^e 
and  are  double-fly  tents ;  they  are  20  feet  long,  16  broad  ;  walls  5  feet 
6  inches  high;  height  to  ndge   pole   10  feet   6  inches;  the  cubio 
space  iH  2.373  cubic  feet;  it  is  sometimes  used  on  field  service  accom 
modating  16  healthy  rank  and  file,  or  8  sick  men,  the   cubiV  3e 
ItVS  To'li!'  ^"'^  *'he  la  ter 
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Surface  area  occupied  —The  surface  area  for  general  service 
tents,  for  different  densities  of  troops,  may  be  tabulated  as  follows:— 


Sinmre  yards 
per  tent. 

Tents  per  acre. 

rOPlir.ATION  PKlt  AGUE. 

British  Troops 
16  per  tent. 

Xntive  Troops 
20  per  tent. 

Followers 
25  per  tent. 

(])  .^0 

96-8 

1548-8 

1,936 

2.420 

(2)  100 

774-8 

968 

1,211 

(3)  500 

9-68 

154-88 

193-6 

242 

(4  J  1,000 

4-34 

77-44 

968 

121 

An  acre  contains  4.840  square  yards  ;  one  side  of  a  square  liaving 
an  area  of  one  acre  is  f)9-o8  yards —roughly  70  yards. 

There  is  no  hygienic  limit  for  the  space  to  be  occupied  in  a 
camp  ;  much  depends  upon  local  conditions.  The  number  of  troops  to 
be  located  on  a  given  area  lias  to  be  determined  by  local  circumstances. 
The  above  table  gives  the  extreme  limits,  ranging  from  great  overcrowd- 
ing in  (1;,  to  what  on  field  service  would  be  usually  impracticable,  (3) 
and  (4). 

Hence  the  maximum  regulation  allowance  in  any  of  the  tents 
described  is  20  square  feet  and  the  minimum  1 1  square  feet.  This 
space  is  also  occupied  by  the  men's  accoutrements  and  kit.  In  peace 
camps  the  average  is  about  1 7  square  feet  and  on  field  service  about 
10  square  feet.  European  soldiers  in  Indian  barracks  are  allowed  1,440 
cubic  feet  of  air-space  and  90  feet  of  superficial  space  each.  On  field 
service  therefore  he  gets  only  -Jg-  the  air-space  and  less  than  |  the 
superficial  space  lie  has  in  cantonments. 

This  condensation  of  men  in  tents  at  once  shows  how  easy  it  is  for 
any  communicable  disease,  once  started,  to  rapidly  spread  from  man 
toman  So  serious  is  tliis,  and  so  frequently  are  latent  or  incipient 
cases  of  such  disease  witli  a  force,  t\\»t  many  experienced  military 
medical  officers  have  advocated  the  bivouac  for  tield  service.  It  is 
doubtful  if  this  could  be  done  altogether  in  our  Indion  Frontier  wars 
either  in  the  hot  weather  or  in  winter,  although  it  might  witii  safety 
be  employed  in  the  spring  and  the  late  autumn.  It  may  always  with- 
out much  risk  be  adopted  for  short  periods,  in  winter.  One  would 
certainly  advocate  bivouacking  during  our  cold  weather  maiianivres 
and  at  all  seasons  the  men  should  sleep  with  their  tent  doors  open  and 
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side-walls  raisea  us  inncii  !<s  weather  pertiiits.  '•'  A  field  force  without 
tents  may  be  nncotrifortabie  but  it  will  he  healthy;  on  tlie  other  hand  a 
similar  force  with  tents  may  be  comfortal>le  but  it  will  be  less  healthy."* 

When  the  tent  doors  are  down  it  is  extremely  difficult  to  ventilate 
tents  properly,  whereas  barrack-rooms,  anyhow  in  India,  are  easily- 
ventilated. 


We  have  already  dealt  with  the  various  questions  connected  with 
camp  sites  and  camii  sanitation  generally,  and  it  is  here  only  nece.ssary 
to  emphasise  one  or  two  points  already  alluded  to. 

Special  points  regardini^  sites  —In  the  presence  of  the  enemy, 

tactical  considerations,  e.g.,  favourable  ground  for  defence  in  the  event 
of  attack,  concealment,  facilities  for  protection  and  consequently 
economy  in  outposts,  are  of  the  first  importance.  The  comfort  of 
the  troops  in  conjunction  with  .sanitary  conditions  is  the  next  con- 
sideration. 

Sanitary  care  of  unit  camps.— The  boundary  area  of  each  camp 
must  be  clearly  detined,  and  the  .sanitary  care  for  the  confines  of  the 
camps  allotted  to  commanding  officers,  e.g.,  the  C.  0.  of  "  A  "  unit  to 
look  after  the  north  and  east  boundary,  the  C.  0.  of  "  B  "  to  look  after 
the  south  and  west,  and  so  on. 

Gangway  between  tents.-A  gangway  of  one  yard  should  be 
niamtained  between  the  pegs  of  one  tent  and  those  of  the  tents 
adjoining  it.  -  « 

Intervals  between  tents.-The  usual  interval  between  units  is  10 
yards.    In  squadrons  of  the  same  regiment,  and  between  the  component 
fractions  of  an  artillery  brigade,  the  interval  may  be  reduced  to  1  vard 
and  between  the  companies  of  a  battalion  of  infantry  to  3  yard^t 

As  far  as  practicable,  the  Regulations  regardina  the  arran£rempnf« 
of  camps  are  to  be  adhered  to.  This,  however,  ifas  ometlSo  be 
camping  ^ound.~  —^1^^;^ 

stree:J:iSt:n^Xth:;^tr:t;"^r 

should  not  becramiwl  rnr'' 1^1"^^!:     ^^^^s  ^n  camp  or  bivouac 


*ColoneI  11.  II.  Pi,.tl,,  U.A.M.C.,  ;i///,V„ry  ,,  209. 

t  Comhintd  Trutwntj,  p.  48. 
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Tent  trenches.— A  tiencli  should  be  dug  immodiatelv  nuder  the 
curtain  of  a  tent  and  the  excavated  earth  hanked  on  its'outer  edge 
Ihe  onrtam  should  then  be  pegged  to  the  inner  slope  of  tlie  trench, 
the  canvas  thus  draining  into  it. 

Surface  drains  should  be  constructed  to  jirevent  rain-water  lodging 
in  the  trenches.  Half  an  hour's  work  on  the  first  wet  day,  when  the 
natural  run  of  the  water  can  be  seen,  will  do  more  to  keep  the  camp 
dry  and  healthy  than  a  day's  work  in  dry  weather. 

Surface  drains. — In  the  case  of  damp  or  wet  ground,  surface 
drains  around  tents  must  be  dug  even  if  the  camp  is  to  be  occupied  for 
one  night  only.  In  all  standing  camps  a  system  of  surface  drainac^e 
should  be  constructed. 

Ventilation  of  tents.— Tent  flies  should  be  looped  up  the  first 
thing  every  morning,  in  wet  weather  on  the  leeward  side  only.  In  a 
standing  camp,  tents  should  be  struck  periodically,  and  the  ground 
well  swept  and  left  exposed  for  some  hours  at  least,  the  tents  being 
eventually  replaced  on  their  former  sites.  Tents  should  not  be  pitched 
for  occupation  in  the  intervals. 

Tent  doors  should  generally  face  away  from  the  prevailing  wind, 
in  mounted  camps  they  should  face  the  horse  lines.  As  far  as  Indian 
camps  are  concerned  we  consider  it  preferable  to  permit  tiie  wind  to 
strike  the  air  inlets  to  tents  obliquely,  and  the  nearer  it  does  so  to  an 
»ngle  of  45°  the  better.  If  rain  or  heavy  dew  is  likely,  the  tent  ropes 
must  be  slightly  slackened. 

Direction  of  tents. — The  direction  in  which  the  tents  are  pitched 
needs  aitentiou.  Tiie  doors  should  not,  if  possible,  face  due  east  and 
west — the  long  axis  of,  say,  a  general  service  tent,  should  run  north  and 
south — if  facing  east  and  west  the  sun  would  beat  in  all  day.  A 
certain  amount  of  air-current  is  necessar_y — a  direct  draught  through 
the  tents  is  seldom  desirable.  It  is  always  better  that  bleak  or  cold 
winds  strike  the  tent  at  an  angle  which  lets  enough  air  in  without 
danger  from  chill.  When  facing  north  and  south,  the  tent  catches 
the  two  chief  prevailing  winds  of  India,  North- West  and  South-East 
monsoon  winds,  at  the  desired  angle. 


Ventilation  and  sunning  of  tents,  kits  and  beds.— It  is  very 
desirable  to  get  tlie  direct  sun's  rays  on  iho  Hours  of  the  tent  for  a  few 
tours  daily,  and  twice  a  week  at  least  all  the  kits  should  be  unpacked, 
spread  out  in  a  line  parallel  with  the  tents  and  exposed  to  the  sun  ; 
tills  keeps  them  dry,  aired,  and  fresh.  Bedding  and  blankets  are  to  be 
sunned  and  aired  daily  by  hanging  on  supports  extemporised  for  the 
purpose;  this  is  preferable  to  placing  them  on  the  tents  as  the  sun  and 
air  get  at  them  tlioroughly. 
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Floors  of  tents  never  to  be  excavated. — It  is  never  pennissible 
from  a  sanitary   point  of  view  to  excavate  the  floor  of  a  tent — it  will 
then  often  be  damp,  whilst  the  exhalations  from  du^  sites  may  be  very 
pei'nicious ;  the  level  of  the  men's  beds  should  never  be  below  tliat  of 
the  general  surface.    It  is  sometiines  desirable  to  raise  the  level  of  the 
bed  in  some  way.    The  Kegulations  of  the  German  Army  for  standing 
camps  where  the  soil  is  not  tlioroughly  clean  and  firm,  is  to  dig  out  a 
few  inches,  and  replace  it  by  gravel,  coal-dust,  etc.,  slightly  watered,  and 
then  covered  by  boards  until  dry  and  hard.    Whenever  practicable  the 
floors  of  standing  camps  should  be  boarded,  the  boards  being  loosely 
laid  and  easily  removed.     When-  boards  cannot  be  got,  the  water-proof 
sheets  must  be  used,  and  the  soil  beaten  down  to  harden  it.  The  surface 
should  once  a  week  or  so  be  scratched  for  about  an  inch,  and  be  replaced 
by  gravel. 

It  is  specially  necessary  in  permanent  camps  to  have  abundance 
of  room  to  change  the  site  of  the  camp,  when  military  exigencies 
permit  of  this;  and  wherever  practicable  it  would  be  advisable  for 
general  officers  commanding  to  allot  sufficient  ground  to  allow  of  this. 
The  site  should  be  changed  every  four  days.  When  from  want  of  room 
this  is  not  possii)Ie  the  tents  should  be  struck  and  the  area  exposed  to  the 
sun  and  air  for  several  hours,  the  tents  being  then  repitched. 

Foulness  of  floors  in  standing  camps.— The  floor  of  the  tents  of 
standing  camps  tends  to  get  very  foul  and  charged  with  organic  matter 
and  different  kinds  of  micro-organisms.  It  is  desirable,  therefore,  to 
change  the  positions  of  all  tents  at  least  twice  a  week  For  this 
purpose  the  moving  of  each  tent  sufficiently  to  allow  the  sun  to  purify 
the  soil  of  the  area  that  was  occupied  is  all  that  is  required,  it  does 
not  take  more  than  twenty  minutes  to  move  the  tents,  and  it  gives  the 
nien  ^^ometh.ng  to  do.  Digging  up  or  excavating  soil  within  tents 
should  be  forbidden. 

Relation  between  dirt  and  infectious  disease.~The  occurrence 
ot  dirt  in  tents  and  camps  generally  is  always  associated  with  the 
conditions  specially  favourable  to  the  spread  of  infectious  or  communis 
cable  disease  A  man  suffering  from  a  communicable  disease  such  as 
tubercle  of  the  lung,  enteric  fever,  etc.,  is  capable  of  givina  rise  to  the 
infection  to  those  with  whom  he  is  living,  if  the  system  in'the  latter  is 
^^rmtr^r  ''''  '-ItipHcationoftb: 

Artificial  drainage  of  tents  and  camps— Except  in  countries 
known  to  be  and  and  permanently  dry,  each  tent  should  be  surrounded 
by  a  shallow  or  surface  drain,  and  whenever  the  camp  is  occu- 

;  t^r?  It  ^"^  "^yl^t,  a  system  of  smface  drains  shouM  be 
made  throughout  the  camp  to  drain  off  rain-water,  and  the  possible 

L^tX  Tnu'r  J"  «11  these  drains 

perimeter  should  be    semi-oval,    or  semi-circular,    not  rectangular 
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The  direction  and  depth  of  the  sub-main  and  main  drains  will  vary 
w  th  the  direction  of  the  fall  and  the  contour  level  of  the  ground 
The  mains  should  have  a  depth  and  widtl,  of  12  inches,  the  sub-mains 
being  somewlmt  smaller.  The  mains  should  run  parallel  with  tlie  camp 
roadways,  and  discharge  into  the  perimeter  drains  ;  the  sub-mains 
should  join  the  surface  drain  of  the  tents  and  discharge  into  the 
mains.  ^ 

Exposure  of  interior  of  tents  to  sun's  rays—In  all  standing 
camps  and  in  all  but  tlie  most  temporary  camps,  when  weather  permits 
the  side-walls  or  flies  should  be  taken  o&  the  ground  and  secured  to  the 
fly  ropes  to  allow  of  free  perflation  of  air  for  several  hours  daily  When- 
ever men  are  absent  from  their  tents  for  a  few  hours  the  walls  should  be 
looped  up  and  the  doors  thrown  fully  open.    With  general  service  tents 
the  whole  of  one  side  should  be  taken  bodily  over  the  ridge  pole- 
alternate  sides  being  thus  dealt  with  every  second  day.    This  permits 
the  direct  sun's  rays  to  get  at  the  interior  of  the  whole  tent,  and  what 
is  in  it.  Whilst  the  plan  of  camps  is  laid  down  in  Eegulations,  in  stand- 
ing camps,  where  space  permits,  there  should  always  be  sufficient  room 
between  tents  to  permit  of  a  free  circulation   of  air.    The  sanitary 
officer's  ideal  in  this  matter  would  be  to  separate  each  tent  from  its 
neighbour  by  an  area  equal  to   at  least  U  times  the  diameter  or 
breadth  of  the  tent— he  considers  that  within  reasonable  limits,  the 
farther  the  lines  of  tents  are  apart  the  better.    In  civil  life,  disease  and 
death-rates  rise  with  increase  of  density  of  population  on  area.    It  is 
reasonable  to  expect  the  same  to  hold  good  in  camps  in  the  field. 

Density  of  population  in  camps. —In  the  area  for  camps  laid  down 
there  are  over  500  men  per  acre  ;  in  the  most  densely  crowded  towns  of 
England  there  are  only  100  persons  accommodated  to  the  acre.  When 
a  division  of  troops  is  encamped  in  the  most  "  open  order,"  the  den- 
sity of  its  population  on  the  area  occupied  is  greater  than  that  of  any 
part  of  London,  Liverpool  or  Glasgow. 

It  is  necessary  that  all  officers  should  thoroughly  understand  the 
risks  from  infective  disease  associated  with  the  density  of  men  in  tents, 
and  it  is  incumbent  upon  all  ranks  to  reduce  these  risks  to  a  minimum. 
With  every  force  there  is  a  certain  sprinkling  of  "  weaklings,"  or  men 
suffering  from  latent  infectious  disease  of  some  sort,  such  as  malaria, 
a  diseased  state  of  the  bowel  as  in  old  dysentery,  tuberculosis  of  the 
lung  just  beginning,  etc. 

Dimensions  of  camp  sites. — The  frontage  of  an  infantry  regimen- 
tal area  is  6.5  yards  by  150  yards  or  two  acres  deep,  and  of  an  infantry 
brigade  510  yards  b}'  150  yards  deep.  A  cavalry  regiment  is  allotted  5| 
acres  and  a  field  battery  nearly  2^^  acres.  These  are  the  minimum  areas 
allotted. 


r.KNEKAL  IIVCIKNK 


In  perinauent  camps  the  ?nen  slioxild  have  some  form  of  bedstead  — 
even  ordinary  charpoys — and  when  these  are  not  obtainable,  there 
shonld  be  a  boarded  floor.  If  boards  are  not  avai bible  i\wn  straw,  and 
tarpanlins  or  water-proof  slieets,  are  to  be  used.  A  coinfortal)le  and 
warm  bed  may  be  made  by  excavating  abont  4  inches  of  earth  over  an 
area  of  (i  feet  by  2  feet  for  each  man,  and  filling  this  area  with  straw 
and  |)laeiMg  on  top  of  it  the  water-proof  sheet.  Tiiis  shonld,  however, 
be  avoided  if  possible,  as  excavating  soil  from  the  floor  of  a  tent  is 
usually  unhealthy. 

If  we  are  to  be  any  length  of  time  in  a  standing  camp  we  should 
make  the  troops  as  comfortable  as  ))o?sible.  It  is'  very  advisable  to 
take  every  precaution,  especially  in  winter,  against  catcliing  colds-  and 
chills.  The  best  way  to  do  this  is  to  provide  troops  with  a  sufficient 
quantity  of  warm  clothes  and  bedding.  \\'itli  regard  to  bedding,  it 
should  be  remembered  that  it  is  necessary  to  have  as  much  beneath 
as  above  when  sleeping. 

Sites  of  field  hospitals,  dangers  connected  with.— The  sites  of 
field  hospitals,  especially  in  standing  camps,  may,  and  often  do,  become 
foci  for  the  spread  of  disease  infection.  Where  such  disease  is 
expected,  if  space  and  military  exigencies  permit,  field  hospitals  should 
be  placed  as  remotely  as  reasonably  practicable  from  their  brigades. 
These  remarks  apply  particularly  to  the  spread  of  enteric  fever 
dysentery  and  epidemic  diarrhoea,  although  they  embrace  likewise  other 
diseases.  One  knows  from  practical  experience  that  the  air  and  soil 
in  and  around  field  hospitals  may  become  thorouL'hly  impregnated 
with  disease-germs,  so  much  so,  that  in  a  few  weeks'  time  iialf  the 
hospital  establishment  may  be  rendered  htrrs  da  combat.  When  there 
is  any  serious  amount  of  communicable  disease  in  camps,  such  a 
condition  is  almost  inevitable.  The  patient  worn  out  with  dysentery 
or  diarrhoea,  or  on  the  verge  of  delirium  with  typhoid  fever,  is'indifTer- 
ent  as  to  place  when  there  is  an  urgent  desire  to  relieve  nature.  With 
numbers  of  such  cases  in  a  hospital  it  becomes  a  difficult  task  to  prevent 
contanunation  of  the  soil  in  and  around  the  hospital  tents.  In  a  few 
days,  or  in  a  week  at  most,  the  soil  gets  polluted  to  a  high  degree  Tiie 
sick  attendants,  and  the  sweepers  especially,  are  few,  their  duties  "heavy 
supei-vision  is  limited,  and  the  unfortunate  patient  cannot  help  usim' 
the  floor  of  the  tent  as  a  latrine.  Good  hospital  discipline  and  a 
thorougldy  trained  staflf  can  do  much  to  postpone  the  time  when 
saturation  of  the  soil  and  air  with  the  specific  poisons  of  disease  wiH 
arrive;  unfortunately  the  more  useful  the  staff,  the  sooner  tl.ey 
knock  unr^er  from  one  or  other  form  of  disease  acquired  from  actual  work 
in  the  iiospital— this  IS  only  the  natural  consequence  of  being  more 
or  less  coubLantly  in  and  about  the  sick  tents. 

•Ki  ^^,^■^^'^^^1  march  old  camping  grounds  to  be  avoided  ifpos- 
SlDle--\\heu  returning  by  the  route  ori-inally  traversed  vve  should  if 
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poi^sible  avoid  the  camping  grounds  pieviously  occupied,  piirticularJy 
those  tluit  have  been  used  as  standing  can4)s.  When  this  is  impossible 
all  sanitary  precautions  should  be  rigidly  adojited. 

There  sliould  be  a  regular  inspection  of  all  regimental  followers, 
public  and  private,  cases  of  infectious  or  contagious  disease  if  dis- 
covered, being  at  once  eliminated. 

The  ground  of  the  entire  camp  should  be  kept  clean,  ^'othing 
should  be  allowed  to  foul  the  surface.  In  dusty  camps,  wliere  water  is 
available,  the  camp  area  should  be  periodically  watered.  When  a  camp 
is  to  be  stationary  it  is  well  to  harden  all  the  pathways  by  beating  in 
gravel. 

C. — Cami*  Water-supplies. 

The  most  paramount  sanitary  duty  of  commanding  officers  occupying 
a  camp  or  bivouac  is  to  secure  and  place  under  protection  the  water- 
supply.  The  water-supply  will  have  been  chosen  by  the  medical  officer 
of  the  unit,  or  the  sanitary  officer  of  the  division,  whose  advice  as  to 
the  way  it  is  to  be  used  and  distributed  should  be  rigidly  followed. 
Sentries,  or  if  necessary,  patrolling  pickets,  will  be  placed  over  the 
water  and  all  forms  of  contamination  prevented.  Every  precaution  is 
to  be  taken  against  pollution,  surface  contamination,  and  against  waste. 

A  certain  number  of  tlie  men  of  the  sanitary  section  of  the  tirst 
troops  reaching  the  camping  ground  sliould  be  detailed  as  sentries  over 
all  \vater-su]iplies  required  for  the  troops  to  prevent-  its  jjollutioii. 
They  should  remain  on  duty  until  pfruument  sentries  from  the  main 
body  can  be  posted. 

In  unknown  country  a  sanitary  officer  should  proceed  with  advanced 
party  to  insj)ect  all  water-supplies.  He  will  have  with  him  a  small 
cabinet  containing  chemical  reagents  with  which,  if  he  considers  it 
Tiece.'^sarv.  he  makes  a  rough  and  rapid  analysis  of  the  different  waters  ; 
he  should  then  •'  affix  an  official  lable  or  notice  indicating  whetiier  it  be 
sufficiently  good  to  drink  untreateii,  or  whethei  it  requites  pnrilication 
before  issue,  and  the  forms  of  purification  required."  The  ex?.U)ination 
thus  carried  out  is  in  no  sense  exhaustive,  but  the  trained  sanitary 
expert,  from  his  knowledge  of  water-supplies,  can  usually  judge  from 
a  simple  piiysical  and  chemical  examination  whether  the  water  is 
dangerous.  Sucli  an  analysis  and  opinion  would  greatly  assist  medical 
officers  of  units  who  are  not  provided  witli  such  analytical  apparatus. 

Good  and  bad  wells  to  be  marked  -  On  field  service,  wells  with 
water  unfit  to  drink  should  be  marked  with  a  black  cross  or  other 
distinctive  mark.  All  wells  containing  water  fit  to  drink,  should  be 
indicated  by  some  jjrearranged  uiark  known  to  the  whole  force,  such  as  a 
thick  red  cross.  Only  the  best  well  or  wells  sliould  bear  this  mark, 
and  be  used  by  tlie  troops.    These  marks  should  be  uniformly  the  same 
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throughout,  the  force  in  the  (iainpaiwii.  The  sanitary  medical  officer,  or 
medical  officer  with  the  leading  units,  sliould  be  responsil)le  that  these 
marks  are  affixed  to  wells.  If  a  well  (or  wells)  in  tlie  vicinity  of  the 
cainp  contains  water  of  better  quality  than  those  in  tlie  camp,  it  should 
also  be  marked  witli  a  red  cross  (or  other  recognised  mark)  and  inform- 
ation to  tliat  effect  sent  to  tlie  approaching  units.  When  it  is  known 
to  the  force  that  wells  will  be  one  of  the  chief  sources  of  supply,  it  will 
lessen  the  labour  of  drawing  water  considerably,  if  buckets  and  rowels 
or  wheels,  with  frames  to  use  them,  are  carried  as  part  of  the  equip- 
ment. 


Strict  protection  of  the  water-supply  imperative.  If  running 
water  is  not  available,  the  sup[)ly  must  be  very  strictly  protected,  a 
rough  barbed  wire  fence,  if  procurable,  being  run  round  to  keep  animals 
out.  Animals  should  in  this  case  be  watered  by  bucket  or  nosi'-bao-, 
and  wasliiug  should  be  allowed  bnl3'  at  some  distance  from  the  water- 
fiupply  ;  empty  kerosine  oil  tins,  or  biscuit  tins  or  other  receptacles 
being  used  to  draw  water  for  tliis  purpose."*  We  do  not  ap[>rove  of 
this  —the  one  set  of  buckets  should  be  used  for  all  purposes,  and  never 
allowed  to  leave  the  well.  Tlie  biscuit  tins  or  other  vessels  should  be 
filled  from  the  well  buckets.  Even  when  the  supply  is  from  a  stream 
water  is  preferably  drawn  for  animals.  The  means  for  protection  of 
sources  of  supply  are  laid  down  in  F.  S  P.  B.,  p.  41, 

Watering  of  transport  animals  before  reaching  camp.— When 
on  the  march,  it  is  advisable  whenever  possible  to  water  all  transport 
animals  before  they  arrive  in  camp;  and,  when  in  camp,  they  should  be 
watered  from  a  different  source  to  the  troops,  when  the  latter  o-et  their 
supply  from  wells,  whenever  such  a  source  is  available  within  a  reason- 
able distance.  The  aggregation  of  such  animals  around  wells  with 
drivers  and  syces,  creates  a  great  nui.'^ance  and  leads  to  f-xdi  'of  the 
WHter.  It  is  always  advisable  to  water  transport  and  other  animals  from 
troughs  to  prevent  their  fouling  the  water  of  streams,  or  ai.i.roachino- 
oth(>r  sources  of  supply.  ° 


Chief  sources  of  water-supply. -We  may  here  repeat  that  the 
chief  source  of  water-supply  on  field  service  will  usuilly  be  rive  ^ 
streams,  artificial  tanks,  natural  lakes  and  wells.  Amono-,.t  the  best 
sources  are-large  rivers  and  streams  at  a  distance  fron  tSwn  1 
springs  running  over  a  rocky  bed,  which  as  a  rule  can  be  r'ead  1  v 
damnied  and  a  reservoir  made.  Obviously,  when  more  than  one  sou  c^ 
IS  available,  the  best  will  be  selected-in  the  case  of  wells  his  w  n 
frequently  occur,  both  as  regards  quantity  and  quality.  Whateve  The 
ource  or  sources  of  supply,  it  must  always  be  guL-ded^  sen  ries  who  e 
duties  will  be  to  prevent  any  form  of  pollution  of  the  wier  Pafrolhng 


*  Combined  Trainiynj,  1905,  p.  -H, 


312 


rUEVENTION  OF  DISEASE., 


ot  rivers  or  stieams  by  mounted  men  may  sometimes  be  necessary. 
Sentries  should  also  be  posted  over  any  sources  of  supply  considered 
unfit  for  consumption,  to  prevent  men  iising  them.  The  tired,  hot 
and  thirsty  soldiers  will  not  always  use  the  best  available  source,  if 
one  of  less  wliolesoineness  is  a  few  hundred  yards  nearer.  In  this  he 
has  got  to  be  watehe<l  — it  is  more  necessary  to  prevent  the  use  of  impure 
or  polluted  water,  than  to  insist  on  the  use  of  tbe  more  wbolesome 
water 

Sources  of  supplies  during  modern  manoeuvres. — During  the 
Eawalpindi  .Mana-uvves  of  190.5,  the  troops  were  supplied  with  water 
from  local  wells,  at  the  Dellii  Durbar  of  1902-03  by  a  pipe  water-supply 
extended  from  the  station  supply  from  the  Jumna  river,  and  in  Agra, 
chiefly  from  welis  sunk  specially  for  the  force. 

Investigation  of  water-supply.— In  investigating  the  water- 
supply  fertile  loroe,  the  chief  points  to  be  considered  are — its  source, 
quality,  quantity,  the  maximum  number  of  troops  it  will  have  to  supply 
at  any  one  time,  its  history,  and  local  reputation. 

Capacity  of  supply.— With  regard  to  quantity,  this,  except  in 
tbe  case  of  rivers  and  fairly  large  streams,  should  be  ascertained  by 
actual  measurement.  In  the  case  of  small  streams,  this  may  present 
some  difficulties  which  are  readily  overcome  (pp.  84,  85).  From  wells  a 
limited  yield  may  be  the  source  of  great  hardship.  Tbe  supply  of  wells 
should  always  be  ascertained— taking  the  superficial  area,  depth,  and 
inquiring  as  to  tbe  yield.  When  the  supply  is  distinctly  inadequate 
for  the  requirements,  the  quantity  per  man  must  be  limited  in  propor- 
tion to  the  capacity  of  the  supply.  Ordinarily  a  regiment  of  infantry 
of  field  service  strength  requires  roughly  about  2,000  gallons  of  drinking 
and  cooking  water  per  diem.  When  a  wliole  infantry  brigade  is 
marching  together,  it  would  require  roughly  8,00L  gallons  per  diem. 
A  rough  estimate  oi  \v.iter  in  circtdar  wells  is  as  follows*  : — 

;i  feet  in  aisuii.  «t  tnp  for  every  foot  nf  water  ...    40  gallons. 

4  (1,1.  do.  ■•• 

5  do  do  ■••  120 

G  <lo  do.  ...  I'O  „ 

7  do.  do.  ...  240  „ 

8  d".  ...  '^i<J 

9  do.  do.  ...  o90  „ 
10  do.  do.  ...  4BU 

If  tbe  supplv  to  a  permanent  camp  is  from  a  stream,  a^  paved 
T.atbway  should  he  constructed  to  the  centre  of  the  stream  so  that  water 
r  ren  from  the  main  stream  and  not  from  the  sides,  eddies,  or  back- 
waters     It  is  advisable  to  have  separate  intakes  for  European  and 

Native  troops  when  this  can  be  arranged.  

'  ^'^'V^^!<t^ffC^ge  rroimional  Memoranda,  1910,  p.  121. 
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Wiiere  a  spring  or  springs  is  the  source  of  supply  a  box  or  barrel 
should  always  be  sunk  in  the  spring  head  to  prevent  fouling  of  the 
water  through  disttu-bauce  during  removal.  If  likely  to  be  used  for 
any  lengtli  of  time,  a  spring  should  be  enclosed,  its  level  raised,  and 
tlie  ground  m^ade  to  slope  away  from  rather  than  towards  it.  If  this 
is  impracticable,  the  vicinity  should  be  so  ditched  that  all  surface 
drainage  from  upper  ground  is  intercepted  and  conducted  to  a  point 
below  the  level  of  the  spring.  The  latter  may  need  to  be  frequently 
cleaned,  and  all  accumulation's  of  leaves  or  debris  removed," 

In  marching  in  India  with  European  troops,  in  camps  where  water 
of  reliable  qxiality  is  not  obtainable,  the  water  party  should,  in  the  case 
of  infantry,  proceed  to  the  next  camp  the  evening  before  with  the  neces- 
sary utensils  tc  boil  the  water  and  have  it  cool  and  ready  for  use  by  the 
time  the  regiment  arrives.  It  is  to  be  stored  in  large  McNamara  filters, 
one  of  which  iS'  required  for  a  battery,  and  two  for  a  battalion  of 
infantry.  The  water  can  be  boiled  in  these  tanks.  It  is  necessary  to- 
keep  the  wwter  at  the  boil  for  half  an  hour  to  completely  sterilise  it. 
The  water-bottles  and  mule  metal  pakhals  should  be  filled  from  this 
water  only,  The  covered  zinc  water  buckets  now  used  in  many  barracks 
should  be  taken  with  the  battalion  and  used  for  distribution  of  the 
water — two  for  a  battery  and  six  for  a  battalion  of  infantry.  Where 
hand-pumps  do  not  accompany  the  troops  metal  buckets  with  metal 
chains  will  be  needed  to-  draw  water  from  wells. 


The  commonest  ways  in  which  wells  become  infected  is  through 
the  use  of  vessels  and  ropes  for  draining  water  that  have  been  previously 
infected— the  smallest  microscopical  amount  of  infective  material  fi'om 
such  a  source  is  amply  sufficient  to  start  an  epidemic  amongst  those 
using  the  well-water,  / 

Protection  of  well-waters.— All  contaminatian  af  wells  should  be 
rigidly  prevented.    An  area  of  30  yards  around  wells  should  be  kept 
clean  ;  no  watering  of  animals,  no  washing  of  clothes,  and  no  bathing 
should  be  permitted  within  this  area.    A  space  of  20  yards  around 
well  or  other  source  of  water-supply  should  be  clear  of  cooking  places 
animals  and  tents.    No  one  not  actually  engaged  in  drawing  water  fo^ 
the  men  should  be  allowed  within  20  feet  of  the  well.    One  of  the 
canip  police  of  units  should  be  placed  on  duty  over  every  well.  Surface 
and  subsoil  pollution  of  every  kind  should  be  strictly  guarded  against 
where  it  is  m  any  way  likely  to  get  at  the  water.    As  Ibave  remarked 
a  barbed  wire  fence,  if  available,  about  20  feet  from  the  circumference  of 
the  well,  IS  an  excellent  protective  against  pollution.    Local  circum- 
stances may  necessitate  modification  of  the  foregoing  rules. 

Where  wells  are  not  protected  from  surface  pollution,  verv  sDecial 
precautions  are  to  be  taken.    In  such  cases  in  tempoi'ary  Lmps  it 
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is  advisable  to  build  a  mud  wall  around  tlie  nioufch  of  the  well  a  foot  or 
eighteen  inches  high,  and  prevent  all  unauthorised  persons  approaching 
the  well. 

Whenever  it  is  practicable  the  water-supply  for  the  troops  from 
wells  should  be  closed  to  the  civil  population  for  thp  time  being. 

Distribution  of  water  in  camps.  —  In  general  water  has  to  be  distri- 
buted in  camps  by  means  of  water-carts,  wheeled  tank?,  metal  p'iklixds, 
barrels,  pails,  canvas  bags,  earthenware  chatties,  Icero.sine  oil  tins,  etc. 
Each  and  all  of  these  should  be  thoroughly  cleaned  regularly.  The  best 
way  of  doing  this  is  to  wash  these  water  containers  out  wit.h  water 
rendered  a  deep  purple  witl\  permanganate  of  potassium  repeatedly  until 
water  in  them  remains  of  a  pink  colour.  All  water  containers  jnust  be 
kept  covered,  and  wherever  possible  access  to  the  water  should  only  be 
by  taps.  Men  should  never  drink  directly  from  taps  or  other  containers 
of  stored  water. 

It  is  desirable  not  to  bring  more  water  into  camps  than  the 
regulation  allowance,  for  an  excess  usually  means  waste  All  water 
brought  into  camp  has  to  reach  the  surface  and  be  drained  away,  and 
if  not  so  drained,  a  very  insanitary  condition  soon  arises. 

F.  S.  P  B.  lays  down  that  the  daily  average  per  man  for  drinking 
and  cooking  purposes  is  1  gallon.  In  standing  cam_ps  the  least 
allowance  that  should  be  given  per  man  for  all  purposes  is  5  gallons 
a  day,  and  for  a  horse   10  gallons. 

Search  after  water— In  many  cases  in  which  the  possibility  of 
obtaining  a  water-supply  source  has  been  entirely  relinquished,  water 
may  still  be  found  if  the  natural  sources  of  water  are  more  carefully 
investigated.   Few  precise  rules  can  be  laid  down  in  searching  tor  water. 
On  a  plain,  the  depth  at  which  water  will  he  found  will  depend  on 
the  permeability  of  the  soil,  and  the  depth  at  which  hard  rock  or  clay 
will  hold  up  water.    The  plain  should  be  well  surveyed,  and,  if  any 
mrt  seems  below  the  general  level,  a  well  should  be  sunk,  or  trials 
made  with  Norton's  tube-wells.    The  part  most  covered  with  herbage 
is  likelv  to  have  the  water  nearest  the  surface.    On  a  dry  sandy  plain, 
morning  mists  or  swarms  of  insects  sometimes  mark  water  below. 
Surface  springs  should  be  sought  for  in  hollows,  at  the  ^  foot  of  hills 
where  the  earth  is  moist  or  where  the  grass  is  unusually  green,  and 
where  the  thickest  mists  rise  in  the  mornings  or  evenings. 

Subterranean  streams- Among  the  hills  the  search  for  water 
;«  Pasier  The  hills  store  up  water,  whicli  runs  oflf  into  plains  at  th^eir 
ieet  Wells  should  be  sunk  at  the  foot  of  hills,  not  on  a  spur,  and  if 
uossible  at  the  lowest  point ;  and  if  there  are  any  indications  of  a  water- 
cour'e  as  near  that  course  as  possible.  In  the  valleys  among  hills  the 
juncUin  of  two  long  valleys  will,  especially  if  there  is  any  narrowing, 
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generally  give  water.  The  outlet  of  the  longest  valley  should  be 
chosen,  and  if  there  is  any  trace  of  the  junction  of  two  water-courses, 
the  well  should  be  sunk  at  their  union.  In  a  long  valley  with  a  con- 
traction, water"  should  be  sought  for  on  the  mountain  side  of  the 
contraction.  In  digging  at  the  side  of  a  valley,  the  side  with  the  highest 
hill  should  be  chosen  before  commencing  to  dig,  the  country  sliould 
be  as  carefully  looked  over  as  time  and  opportunity  permit,  and  the  dip 
of  the  strata  made  out  if  possible.  A  little  search  will  sometimes  show 
which  is  the  direction  of  fall  from  high  grounds  or  a  watershed.  If 
moist  ground  only  is  reached,  the  insertion  of  a  tube,  pierced  with 
holes,  deep  in  the  moist  ground,  will  sometimes  cause  a  good  deal  of 
water  to  be  collected.  Norton'.?  American  tube-well  gave  satisfaction  in 
Abyssinia,  although  it  was  not  satisfactory  in  Ashantee. 

Where  no  form  of  water-supply  is  visible,  it  may  be  necessary 
to  sink  wells  and  make  reservoirs.  It  is  well  known  that  the  valleys 
or  beds  of  rivers  in  India  and  on  its  Frontiers  have  often  a  subterranean 
stream,  that  may,  as  a  rale,  be  readily  tapped  by  our  field  engineers 
When  no  other  source  of  water-supply  is  at  hand. 


It  may  be  necessary  to  sink  Norton's  ("  Abyssinian  ")  tubes,  and 
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The  question  of  the  purification  of  water  on  field  service  has 
already  heen  dealt  with  %n  extenso  (pp.  114 — 134).  The  disadvantages 
©f  boiling  are  chiefly  eonnected  with  the  expense  of  fuel,  the  carrying  of 
the  fuel,  the  water  is  rendered  flat  and  insipi-d;  and  having  been  boiled, 
it  has  to  cool  before  being  usaible.  The  expense  and  transport  of  fuel  are 
the  real  difficulties.  Water-boiling  stations  should,  when  practicable,  be 
established  on  the  lines  of  communication,  at  every  halting  place,  and, 
where  necessary,  at  railway  stations,  and  troops  passing  through  should 
fill  their  water-bottles  with  boiled  water. 

Cleanliness  of  water-bottles. — Special  attention  should  be  given 
to  the  cleanliness  of  men's  water-bottles.  This  is  an  important 
duty.  It  is  useless  to  put  sterilised  water  into  germ-laden,  unclean 
bottles.  Water-bottles  should  be  scalded  and  rinsed  out  twice  a 
week.  This  need  only  take  a  few  minutes  ;  it  should  be  done  at 
a  definite  fixed  time,  and  water  for  the  purpose  provided,  both  on 
field  service  and  on  manoeuvres  or  on  the  mareh,  the  refuse  water 
being  discharged  into  an  absorption  pit.  In  the  absence  of  boiling 
water  the  water-bottle  might  be  washed  in  a  solution  of  perman- 
ganate of  potassium  if  this  is  available.  Very  hot  tea  kept  in  the 
water-bottle  for  an  hour  or  so  is  also  a  partial  steriliser.  Tea  that 
has  first  been  infu&ed,  put  into  water-bottles,  and  allowed  to  cool,  is 
quite  safe.  Cold  tea  sterilises  a  water-bottle  as  far  as  typhoid  bacilli  are 
concerned  in  24  hours.  In  the  absence  of  any  of  these  means,  the 
water-bottle  may  be  rinsed  out  three  or  four  times  with  clean  cold  water 
under  supervision  and  as  a  matter  of  routine  duty.  Water-bottles 
should  not  be  scoured  out  with  sand  and  pebbles,  as  these  themselves 
often  contain  disease-germs  which  may  directly  infect  the  bottle.  Water 
should  not  be  kept  in  water-bottles  when  they  are  not  in  use.  "  The 
Italian  pattern  bottle  requires  periodical  soaking  to  prevent  its  becom- 
ing too  dry  (K.  B.,  1908,  §  1717).  It  is  advisable  for  men  to  cultivate 
the  habit  of  boiling  unsafe  water  in  their  own  mess  tins,  as  it  may 
happen  on  field  service  that  this  is  the  only  way  it  can  be  sterilised  ; 
this  was  done  by  the  Japanese  during  part  of  their  Manchurian 
campaign. 

Water  discipline  should  be  insisted  on  with  all  recruits.  Properly 
disciplined  men  with  empty  .  water-bottles  will  not,  under  ordinary 
circumstances,  drink  the  nearest  water  available  until  they  know  that  it 
is  wholesome  (see  p.  80).  Most  of  us  drink  an  excess  of  fluid  in  one 
form  or  another,  much  of  which  we  would  be  the  better  without. 

D. — Food  and  Kitchkns. 

Essential  points  regarding  field  dietry.--Too  much  attention 
cannot  be  giveS  to  the  food  of  the  soldier  m  the  field,  especially^  as  to 
the  quality  and  quantity  of  its  staple  artic  es  and  to  its  variety  ;  a 
liberal  allowance  of  vegetables,  particularly  fresh  potatoes  and  onions, 
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should  be  provided,  as  well  as  fresh  meat  to  Europeaii  troops  and  some 
branches  of  the  Native  Army  ;  and  the  food  should  invariably  be  properly 
cooked-  The  culinary  processes  in  temporary  camps  and  on  the  march 
are  usually  rough  and  ready.  This  subject  is  fully  dealt  with  in  the 
section  on  Food. 

Sites  for  kitchens,  etc. — When  large  bodies  of  troops  are  con- 
centrated, the  G.  0.  C.  of  the  force  or  division  will  decide  the  general 
position  of  latrines  and  kitchens  of  each  area,  that  is,  whether  they 
are  to  be  front,  rear,  or  flan  k  of  an  area. 

In  regard  to  kitchens  special  attention  should  be  directed  to  the 
following  points  : — They  should  be  well  away  from  latrines  and  urinals 
and  all  accumulations  of  camp  refuse.  AH  sullage  water  should  be, 
passed  into  pits  from  which  it  can  drain  away  along  suitably  dii*ected 
trenches. 

Definite  rules  should  be  prescribed  and  hung  up  regarding 
washing-up  of  all  cooking  and  feeding  utensils,  and  cleanliness  of  the 
kitchen  and  its  surroundings. 

The  washing-up  arrangements  in  kitchens  require  careful  super- 
vision. A  special  place  should  be  fixed  for  this  in  connection  with  the 
company  or  double  company  kitchens  of  both  European  and  Native 
troops.  It  should  have  a  sufficient  quantity  of  boiled  or  filtered  water. 
Bath-brick  powder  is  required  for  scouring  cooking  utensils  of  Euro- 
pean troops,  and  for  Native  troops  either  ashes  or  baked  sand;  the 
ordinary  earth  is  on  no  account  to  be  used  fresh  from  the  ground,  as  its 
use  for  this  purpose  is  the  cause  of  several  diseases  in  cantonments,  and 
may  be  a  serious  cause  of  these  and  other  diseases  on  field  service, 
as  such  earth  always  swarms  with  germs.  The  whole  of  the  washing- 
up  process  should  be  supervised  by  one  of  the  specially  trained  men  of 
the  sanitary  squad  in  British  regiments,  and  the  sanitary  police  in 
Native  regiments. 

All  food  in  camps  should  be  invariably  kept  in  covered  utensils  or 
receptacles.  Doolies  or  meat-safes  cannot,  of  course,  be  carried  '  for 
European  troops,  but  it  is  possible  to  carry  a  folding  or  collapsible  metal 
framework  with  suspending  metal  beams  and  hooks,  covered  with  some 
close-meshed  cotton  material,  such  as  strong  mosquito-netting,  the  food 
being  placed  within  this  portable  dooly. 

All  milk  should  be  thoroughly  boiled  and  protected  from  dust  and 
files,  preferably  in  metal  cans  or  corked  bottles,  or  be  at  least  covered 
with  some  form  of  muslin. 
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Garbage  and  kitchen  refuse  should  never  be  thrown  on  the  ground. 
There  should  be  special  allotted  plots,  receptacles,  or  baskets  for  it.  In 
temporary  camps  small  pits  are  best,  the  contents  being  daily  covered 
with  6  inches  of  earth  and  flies  prevented  from  access. 

In  standing  camps  all  dry  kitchen  refuse  should  be  either  burnt  in 
the  kitchen  fire,  or  covered  with  petroleum  and  removed  to  the  camp 
incinerator  regularly  after  each  meal  has  been  served. 

Kitchen  slops  contain  much  grease,  which,  on  the  surface  of  the 
soil,  forms  a  putrescible  and  offensive  scum  that  is  very  attractive  to 
flies.  The  pits  may  be  filled  with  coarse  brushwood  on  which  the 
grease,  etc.,  is  caught  up;  the  brushwood  which  is  loaded  with  fat  should 
be  burnt  daily  and  replaced  by  fresh  stuff. 

Absorption  pits  may  be  made  in  practically  all  camps  — they 
consist  of  excavations  tilled  with  stones  below  and  gravel  above,  and 
covered  with  brushwood,  dried  grass,  straw,  bhoosa,  etc  ,  which  is 
burnt  and  replaced  daily.  Ihese  can  be  readily  improvised  from 
materials  always  at  band. 

The  following  methods  of  disposal  of  kitchen  slop^water  have  been 
found  to  work  well.  They  were  devised  by  Captain  Tilbury  Brown, 
R.A.M.C. 

"  Take  two  large  biscuit  tins,  the  upper  acting  as  a  coarse  strainer 
and  the  lower  serving  to  direct  the  water  over  and  into  a  small  pit,  which. 


outer- 


f 
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Pig  38.— Iiupfovised  grease-trap 

filled  with  grass  or  brushwood,  acts  as  a  grease  trap.  From  this  small 
pit  cut  a  shallow  trench  leading  to  a  large  soakage  pit.  The  inner  tin 
should  rest  on  two  or  more  stones,  so  as  to  allow  an  interspace.  The 
epout  from  the  lower  tin  is  conveniently  made  by  cutting  an  inverted 
V-shaped  flap  from  one  of  the  sides  turning  it  down  and  round- 
in  cr  off.  Modifications  of  the  foregoing  can  be  made  by  turning  a 
box  upside  down  over  the  pit  or  grease-trap,  the   bottom  of  the 
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box  being  perforated  with  a  hole  into  whinh  is  fitted  a  calender 
or  perforated  tin. 

Grease  trap 


FxCr  39. — Improvise  I  grtase-triip. 

"  A  more  elaborate  improvised  grease-trap  can  be  made  to  discharge 
into  either  a  special  soakage  pit  or  any  convenient  ditch-    Tn  all 


eartA. 


Jecond  grease  trap. 


Fm.  10.  — Improvised  grease-trap, 
cases  the  grass  or  brushwood  used  is  burnt  and  removed  daily."  The 
brushwood  should  be  soaked  in  crude  petroleum,  which  prevents 
the  approach  of  flies  and  assists  in  its  subsequent  incineration.  Another 
simple  method  which  may  be  adopted  in  temporary  camps  is  the 
following  : — 

"  Two  pits  2  feet  square  and  2  feet  deep,  and  with  the  bottom 
earth  loosened  6  inches  more,  should  be  dug  20  yards  away  from  each 
company  or  double  company  cook-house.  One  of  these  is  to  be  used 
for  water  and  the  other  for  garbage  and  other  dry  kitchen  refuse. 
Dry  earth  is  to  be  thrown  in  each  several  times  a  day,  and  on  leavino- 
cainp  a  layer  of  litter  4  inches  deep  should  be  burnt  on  each,  and  the 
pit  then  well  covered  with  earth." 

In  permanent  camps  where  the  soil  does  not  permit  of  drainage  or 
soakage,  it  is  necessary  to  move  the  position  of  the  kitchen  and  ablution 
places  at  least  twice  a  week,  or  what  is  preferable  in  such  a  case  to 
arrange  for  the  daily  removal  of  all  sullage  water  in  water-tight 
receptacles  with  proper  covers.  These  should  be  on  raised  platforms. 
1  he  contents  should  be  discharged  into  allotted  places  outside  the 
camp  daily.  ^ 

Food  should  not  be  eaten  in  tents;  nor  should  it  be  stored 
or  retained  in  tents.  If  such  storage  cannot  be  avoided,  it  should 
be  reduced  to  a  minimum  and  always  placed  in  closed  tins  or  boxes  and 
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be  inaccessible  to  flies,  Exposed  food  rapidly  deteriorates  and  gets 
infected  by  flies.  AU  scraps  of  food  left  over  from  meals  sliould  be 
burnt  or  buried.  No  refuse  food  slioujd  be  thrown  around  the  tents  ; 
where  some  form  of  temporary  receptacle,  such  as  kerosine  oil  or  biscuit 
tins  or  boxes,  cannot  be  provided,  all  such  refuse  must  be  accumulated 
in  one  or  two  definite  places  adjacent  to  company  tents,  to  be  removed 
twice  daily  or  oftener.  All  kinds  of  washing,  such  as  that  of  mess  tins, 
feet,  socks,  etc.,  must  be  conducted  in  specially  allotted  places. 
TJrinatins  outside  tents  in  unauthorised  places  should  be  made  » 
disciplinary  matter. 

The  coffee-shops  should  have  their  dry  refuse  receptacle,  washing- 
up  place,  absorption  pit  and  grease-trap,  as  iij  the  case  of  the  men's 
kitchens. 

All  markets  opened  in  the  field  for  the  sale  of  fresh  provisions- 
should  be  subjected  to  strict  supervision,  and  only  such  food  as  is 
passed  by  a  medical  officer  as  fit  tor  consumption  should  be  permitted 
to  be  sold.  The  regimental  sanitary  police  should  insist  on  all  orders 
on  this  point  being  rigidly  adhered  to.  This  refers  to  both  European- 
and  Native  troops. 

It  is  a  sound  rule  to  prevent  all  hawkers  or  vendors  of  foods  and 
unauthorised  natives  generally  coming  into  or  in  the  immediate  vicinity 
of  the  camp.  Apart  from  the  possibility  of  disease  being  created 
by  the  foods  sold,  such  persons  sometimes  bring  infectious  disease 
into  camps. 

Milk-supply  on  field  service.— The  milk-supply  in  the  field  is" 
always  a  source  of  danger  in  one  way  or  another,  and,  as  procured  on 
our  Frontiers,  is  usually  poor  in  quality.  Town  and  village  gowdllahsr 
can  seldom  be  induced  to  bring  their  cows  or  goats  to  the  camp  to  be 
milked  •  the  earthen,  wooden  or  metal  vessels  it  is  brought  m  are 
nearly  always  very  dirty.  It  is  often  ready  to  "  turn  "  and  on  boihng 
freouently  curdles.  Whenever  such  milk  is  available,  it  must  be  care- 
full  v  watched  and  must  always  be  boiled  before  use.  it  will  seldom 
be  that  dairy  supplies  are  available.  This  absence  of  reliable  mi  k 
deprives  the  British  soldier  of  an  article  of  diet  to  which  he  is  daily 
accustomed  in  peace  times.  There  are  some  brands  of  condensed  milk 
in  t?ns  now  procurable  which  are  cheap,  reliable,  and  form  an  excellent 
substitute  for  fresh  milk.  These  might  be  kept  in  canteens  or  coffee- 
shops,  and  several  men  share  one  tin  when  using  it  with  tea  or  coffee. 

All  villages  and  towns  en  route  to  and  near  camping  grounds  should 
be  placed  out  of  bounds. 

E.— Latrine  Trenches. 

The  trench  system  has,  up  to  the  present  time,  variably  been 
used  on  field  service  in  Indian  Frontier  warfare.    1  his  is  the  dry- 
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earth  fiystem  of  cantonments  without  removal,  thepxcreta  being  deposited 
directly  into  au  elongated  excavation  in  the  ground,  instead  of  into  p. 
pan. 

As  soon  as  the  camp  site  has  been  chosen  sites  for  latrines  and 
urinals  have  to  be  selected.  These  should  be  constructed  at  once. 
This  is  to  be  insisted  on. if  the  halt  is  ttf  -last  ior  'maly  a  few  hours, 
and  the  sanitary  police  arid  sweepers  employed  in  'the  same  way  ^s  if 
the  camp  were  to  be  occupied  for  days.  The  sites  for  latrines  must  be 
carefully  chosen. 

Trenches  to  be  ready  for  troops  on  their  arrival  in  camp.  — 

"  Whenever  it  is  possible  arrangements  should  be  made  to.  have  the 
latrines  duly  ready  for  use  t)n  the  arrival  of  the  men  in  camp.  This 
latter  provision  obviates  the  necessity  of  resorting  to  fields  or  jungle  or 
confines  of  the  camp  for  purposes  of  nature."  During  such  halts 
temporary  trenches  should  always  be  dug  and ,  filled  up,  before 
quitting.  , 

When  for  any  reason  an  advarice  party  cannot  be  sent  ahead  to 
prepare  the  camp,  a  halt  should  be  made  about  a  mile  or  less  from  the 
proposed  side  to  permit  the  men  and  animals  to  relieve  nature.  '  ' 

Position  of  trenches.— In  standing  camps,  if  the  distance  fixed 
is  100  yards,  from  the  camp,  the  first  trench  should  be  excavated 
120  yards  away.  When  about  half  full  it  should  be  completely 
filled  with  the  excavated  earth  which  has  been  heaped  .  up  on  the 
far  side  of  the  trench  from  the  camp.  No  earth  should  be  banked 
on  the  near  side,  as  this  prevents  comfortable  access  to  the  edge 
of'^the  pit.  The  next  trench  is  excavated  a.^yard  nearer  the  camp- 
and  so  on.  1  his  method  prevents  the  men  having  to  pass  over  u-d 
trenches.  All  ordure  scattered  around  or  near  the  t'renches  should 
be  regularly  shovelled  into  the  pit  by  the  sweepers  on  duty.  . 

Latrines,  urinals,  refuse  pits,  cattle  lines,  etc.;  must  be  situated'-^at 
least  100  yards  from,  and  when  practicable,  to  leeward  of  the  nearest 
.tent.s,  water-supply,  bakery,  slaughtering-place,  and  kitchens.  '  TheV 
must  never  be  placed  in  or  near  gnWies,  ve^ymesimcllahs  or  hollows 
which,  when  It  rains,  discharge  into  the  water-supply,  nor  in  any 
sjtua  jon  the  drainage  or  filtration  from  which  may  possibly  reach  and 
so  pollute  the  water-supply.*  In  such  situations  a  single  hLvy  bower 
may  suddenly  wash  the  excreta  into  streams,  etc.  When  rain  ti^Zns 
this  has  to  be  guarded  against.  "iii-^^aiens 

fpmn!!^S^*"^°"  trenches,  their  dimensions  and  management.-For 

vTr  r  ^"'^If  he  usual  night-soil  trench   is  a  pit  50  feet  ■  long 
2  feet  deep,  and  16  inches  wide,  for  every  400  men.   This  permits 
..of  25  men  using  the  trench  at  the  same  time.    With  such  trenches  the 
fronteJgege^^  with  faeces)  and  llqppy,  |n 

*  Oomhinecl  Training,  1905,  p.  47.  v,  9  i  >  TTJov^z^T 
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temporary  camps  the  remedy  for  this  evil  is  to  dig  a  succession  of  short 
trenches  in  para  lei  across  which  the  user  straddles,  and  thl  readily 
directs  both  solid  and  liquid  dejecta  clean  into  the  pit.  Each  such 
trench  is  to  be  3  feet  long,  2  feet  deep,  and  1  foot  wid^e,  and  the  space 


Fig.  41.— Diagram  of  short-trench  latrine. 

between  each  trench  3  feet  or  less.  The  excavated  earth  is  to  be  broken 
up  and  placed  behind  the  trenches.  Such  trenches  are  altogether 
easier  to  manage,  dig,  and  keep  clean.  A  seat  at  right  angles  supported 
on  a  forked  upright  may  be  used.  These  trenches  usually  last  one  day 
and  they  must  be  filled  up  and  fresh  ones  dag  daily.  The  old  ones  are 
to  be  carefully  and  solidly  filled  up.  For  permanent  camps  and  where 
area  is  limited  the  old  long  trench  is  better  as  it  does  not  infect  such 
a  large  surface  of  ground.  It  is  sometimes,  from  the  nature  and 
limitations  of  the  available  ground,  more  convenient  to  dig  trenches 
50  feet  long,  16  inches  wide  at  the  top,  and  2  feet  deep.  Two  such 
trenches  are  sufficient  for  an  infantry  battalion.  All  the  latrine 
trenches  of  each  unit  should  be  together.  With  Native  regiments  it 
is  desirable  to  dig  in  addition  one  trench  of  9  feet  long,  or  three  of 
3  feet  in  length,  but  of  the  same  width  and  depth,  for  Native  officers. 
A  similar  trench  should  be  excavated  for  followers.  It  is  a  good  plan  to 
have  the  trenches  a  trifle  wider  below  than  on  top  to  avoid  soiling 
the  sides,  which  is  a  very  general  nuisance  on  field  service,  especially 
when  men  squat  too  far  from  the  edge.  This  often  leads  to  the  users 
tramping  on  actual  ordure,  especially  at  night,  and  conveying  the 
material  on  their  boots  to  the  tents.  The  excrement  so  carried  may 
contain  the  germs  of  enteric  fever,  dysentery,  or  other  disease. 


All  trenches  should  be  provided  with  some  sort  of  shovel,  spade, 
scoop,  empty  tins,  tin  lids,  etc.,  for  covering  the  night-soil  with  earth  each 
time  the  trench  is  used.  The  boots  should  not  be  used  for  pushing 
earth  in.  Flies  will  find  their  way  to  any  exposed  fresh  human  excreta. 
The  user  of  the  trench,  or  sweeper  in  attendance  should  cover  deposited 
excreta  with  dry  earth. 

For  temporary  camps  there  should  be  a  sweeper  provided  with  a 
shovel  or  spade  on  duty,  his  special  duty  being  to  cover  all  exposed 
excreta.    One  sweeper  should  be  on  duty  so  long  as  the  trench  is  being 
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used,  certainly  from  dawn  or  Reveille  to  Last  Post.  Dry  earth  should 
be  thrown  into  the  latrine  pits  several  |time6  a  day,  in  addition  to  the 
covering  of  each  man's  excreta  with  earth. 

The  trenches  should  be  filled  in  when  the  contents  are  within 
a  foot  of  the  surface.  The  sites  of  the  filled  trenches  should  be  so 
marked  that  they  can  be  at  once  recognised  by  those  occupying  the 
camp  subsequently,  and  so  as  to  obviate  the  possibility  of  tents  being 
pitched  over  them.  Paper  should  be  prevented  from  blowing  about.  The 
paper  used  by  European  troops  may  be  fixed  to  the  screen  by  a  string. 
The  proper  disposal  of  the  dry  earth  after  using  the  trench  prevents  used 
paper  being  blown  about. 

A  sentry  should  be  placed  in  charge  of  the  latrines  to  see  that  each 
person  covers  his  excreta  with  earth,  or  that  the  sweeper  on  duty  does  so. 
When  necessary  a  proper  pathway  should  be  made  to  the  latrines  and  this 
should  be  carried  out  at  once.  This  is  a  frequent  requirement  in  hill 
warfare  that  is  often  neglected.  Every  latrine  should  be  screened  oflF, 
even  in  temporary  camps. 

The  sites  of  the  latrine  trenches  for  European  and  Native  troops 
should  be  marked  by  distinctive  flags. 

In  camps  used  for  one  day  only  the  earth  removed  from  the 
trenches  originally  is  to  be  piled  up  for  a  foot  over  the  trenches  to  mark 
their  site,  extra  earth  from  the  surrounding  area  being  used  for  this 
purpose  if  necessary. 

In  open  trenches  it  is  probable  that  the  use  of  disinfectants 
is  of  but  limited  value  in  destroying  disease  germs.  Disinfectant 
powders  are  certainly  useless,  although  they  may  deodorise.  Chloride 
of  lime  or  quicklime  mixed  with  water  when  obtainable  is  most  useful  for 
keeping  away  flies. 

Men  should  be  warned  to  defaecate  directly  into  the  pit.  Marginal 
excrement  gets  on  the  boots,  is  carried  about  and  into  tents,  dries,  pul- 
verises, and  is  wafted  over  the  whole  camp.  European  troops  should 
that  the  paper  used  reaches  the  bottom  of  the  pit,  otherwise  it  is 
blown  about.  The  sweeper  in  attendance  at  the  trench  should  every 
hour  add  an  inch  or  so  of  fresh  earth  and  completely  cover  exposed 
excrement.  Native  troops  are  in  the  habit  of  quitting  the  site  after 
defsecation,  and  washing  themselves  in  the  vicinity.  This  should  be 
strictly  forbidden.  The  men  must  perform  these  ablutions  so  that  the 
soiled  water  falls  into  the  trenches. 

Deodorisation  of  trenches. — "  The  contents  of  the  latrine  trenches 
should  be  covered  with  earth  as  often  as  possible,  and  at  least  twice 
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5  'Slh'rfJ-'  to  8  parts  of  water)  sbould  b. 
I  eeiy  used  ih  latrines,  ui'ine  pits  (or  receptacles),  refuse  ints  bt 
slaughtering-places,  and  on  the  ground  around  them.''*  ^  ' 

:  Bamboo  seats  for  trenches.— In  standing  camps  for  Euronean 
.  roops  a  long  bamboo,  running  the  length  of  the  trench  and  suppoS 
at  the  ends  by  stakes  s  advisable.  These  enable  the  men  to  use'  tS 
heTovii^pH'"  '•  /"f landing  camps  the  trenches  may  conveniently 
bj  ^piovided  with  sea  s,  these  latter  consisting  of  a  bamboo  or  wooden 
po)e  supported  by  stakes,  Additional  comfort  while  using- the  Jatrine 
may  be  given  by  adding  a  top  pole  t0:fqrm  a  backf  ;     '  .f^; 

Prescribed  trench  accommodation.— For  bivouacs  Idtrine  aecom- 
modahon  lor  3  per  cent,  is  required,  for  temporary  camps  5  per  cent.', 
and.  for<,amps-of  .morethan  afew  days  8  per  cent.  This. means  that 
a  yard  of  linear  trench  si>ace  is  required  for  3,  5,.  and  8  men  per 
hundred  respec  ively.    -  Latrines  should  -be  constructed  to  seat  about 

6  per  cent,  of  the  strength  of  units,  allowing  one  yard  per  man.  :  The 
trenches  should  be  narrow  and.  deep,  to  prevent  the  contents,  being 
blown  about.  A  few  inches  of  earth  should  be  thrown  .  bver  .  the 
night-soil  twice  daily.  This  properly  carried  out  prevents  the  develop- 
ment^ of  fiies.  Lime  may  be  used  for  the  same  purpose  and  it  also  acts 
as  a  deodoriser.'  J  From  experience  one  is  disposed  to  consider- that 
the  percentage  allowed  is  rather  high  and  that  where  area  is  Hmited  an 
'aceommbdation  for  3  per  cent,  suffices.  I 

-/  In  rainy  weather  a  shallow  drain  should  be  made  around  tbe 
latrine  pit  to  prevent  the  inflow  of  rain-water  into'the  trenches. '  '  /  ' 

,  ,  It  is  desirable  for  obvious  reasons  that  some  form  of  light  latrine 
iscreens  be  provided.  A  brushwood  screen  can  ofLeii  be  made  from  the 
jungle  surrounding  camps.  The  side  walls  of  European  privates  tents 
are  admirable,  iDut  coarse  canvas,,  or  gunny-bag  cloth  held  it)  position 
by  light  bamboos,  answers  the  piirpose.    -  -  - 

Committing  a  nuisance  in  or  near  camps  to  be  punished.— The 

Indiscriminate  use  of  the  ground  near  and  around  camps  for  purposes 
pf  nature  should  be  '[  absolutely  forbidden.  This .  rule  '  must  be  rigidly 
'enforced,  and  the  .  larger  thie  force,,  the.  more  urgent- the  necessity  of 
punishing  .bfifehders.  j 


j-;  Night  latrine  trenches.  — In  an  enemy's  CQuntrj,  especially  whep 
i<  sniping  "  or  a  night  attack  is  expected,  latrines  must  be  o^ose'to  the 
^perinaeter,  and  covered. by  the  range  of  view,  of  the.perim^ter  senti^ie^. 
3'lie' sites  of.  these,  must;  be  carefully  chosen  to  /leew.ard,:.and,-,  except 
when  camping  for    one  night,   some  form.,  pf  J- movable  ;i;§ceptaeLe 

.-  J  •      Combined  Training,  1905,  p.  47... 

^  ';'  '\  Manual  ofMHitavy-  Engineer 69  ;  see  ulso  1^1.  61,  Figs.  1  aud.2j  other 
'forms  are  aho-v7u  iu  Figs.  6  aad  7  of  the  same  Plate.      •  i-l'i^.U 
lifci'd,  p.  69. 
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{kerosine  oil  tins,  packing  cases),  etc.,  with  burial  at  a  distance,  should 
436  used  if  possible,  and  in  their^  absence  trenches  of  the  sanie  size  as 
the  urinals  (see  below)  sliould  be  dug  and  used  as  theJarger  day 
trenches  are.  ,  These,, hbvveyer,  require  the  closest  possible  supervision, 
<and:  may,  if  neglected;  become  a  serious  pource  of  disease  in  the  force. 
.They  should  be  discontinued  as  early  a,s  practicable,  and  never  used  in 
a,  friendly  cQuntry,  or  \yl\ere  the.  day  latrine  may  be  used  without  risk. 
When  dried  stable  litter'or  dry,  rubbish  is  available,  it  may  be  success- 
fully, employed  to  mitigate  t.he  e.yils  inseparable  from  these  close  night 
trenches.  "'The  litter  is  spread  4  ,or  5.  inches  thick  at  the  bottom  of 
a  wide  and  shallow  trench,  so  that  the  excrement  will  be  deposited  on 
the  top  Of  ihe  littei-,  fhe' litter  early' every  'morriing  is  set  fire  to,  and 
the  whole  reduced  to  ashes  and  tben  covered.  Where  space' is  available, 
ia  new  night  latrihe-should  be  dug  every  diiy.''  ,. 

^  .    .Filling  up  oC night-soil  trenches.— All  latrine  trenches  must  be 
.filled  iip>and  properly  covered  with  earth  before  the  camp  is  quitted. 
As  a  routine  practice,  the  position  of  the  previous  night-soil  pits  should 
be  indicated  by  some  niark — dry  lime  powder  sprinkled  over  tbe  surface 
"atis'wers  weirj  tbi§"may,  of  course,  be  objitei-ated  by  rain. 

Tn  perrhanent  camps  It  is  desirablerto'  have  some  fofiii  of'rbof  to 
^latrines,  'and"  the  nearer  the'  system'  a|)prdathe.s  that  of  incinei'ation  of 
Tembval' as  'carried  out  in  caritonmeuts,  '.t'h'e  better.  It  usually  consists 
of  some  form  of  pail  system  with  dry-'  ear fli, '  and  the  latrine  of  ^some 
-form' of  rough  wooden  seats  •scrfi'^ned  oflf.  -  Tbe  day  uriuals  wiU  be  near 
the  latrines.  The  contents  of  ^th-e  pails  will  be  removed  by  carts  or 
other  receptacles  and  buried  deeply  remote  from  the  camps. 

If  the  pail  system  is  not- practicable,  then  the  .pits  should  be  ducf 
deep  and  the  excreta  be.  reg^ularly  covered  with  earth.  This  requires 
rigid  supervision,  attention  to  detail,  and  strict  obedience  of  ail  orders 
on  the  part  of  the  men.   -       -  - 


It  is  possible  to  iisi^  kerosiue  oil  tins  as  receptacles  for  excreta  in 
permanent  cam ]^s.  When  used  some"form'  of  liquid  disinfectant  is 
advisable,  the  excreta''bBing.siibsequently  disp^^  of  by  deep  burial. 
One"^has/tripd~  fclTi-g-on  a-&«mll;-- scale  and  can -speak  of  itas  a-means  of 
keeping  off  fliesr,-:a4thD\agii-. it:. is.  clumsy  and  soraewha;t  laborious;. - 

Incinerati^  in-the-field.— Whenever  praeticabler -night-s.oil  in- 
cinerators should  be  improvised  in  permanent  camps.  Numerous  forms 
of  mcinerators^iave  beeni.suggesled  and  described  for  the  destruction 
ot  excreta  and  dry  refuse  on  field  service,  and  all  engineers  and  sanitary 
officers  with  an  expedition  are  able  to  improvise  one  or  other  pattern 
trom  materials  obtainable  in  the  Md=."  ;>:Th-e 'following  suggestions 
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for  field  incineration  are  the  result  of  practical  experience,  and  are  set 
forth  as  a  guide  to  those  who  have  not  yet  carried  out  this  system 
elsewhere  than  in  cantonments. 

"  It  must  be  borne  in  mind  that  all  machinery  requires  attention 
to  detail  for  its  correct  working  in  practice.  It  is  not  reasonable  to 
expect  that  sanitary  orderlies  and  their  establishment  will  be  able  to 
incinerate  in  the  field  by  the  light  of  nature.  They  must  all  have 
been  trained  before  leaving  cantonments.  Consequently  as  the  field 
incinerator  is  equally  efficacious  in  cantonments,  each  unit  should 
erect  one  at  least  for  instructional  purposes. 

The  requirements  are — a  trained  sanitary  cadre,  latrine  pans,  iron 
bars  for  incinerators,  fuel  and  transport. 

1.  The  sanitary  cadre  for  British  troops  is  laid  down  in  India 
Army  Order  354  of  1907. 

Of  these  trained  orderlies  a  proportion  is  told  oflF  to  deal  with  camp 
cleanliness,  and  under  them  are  the  sweepers.  Indian  units  should 
conform  to  these  lines, 

2.  Latrine  pans  can  sometimes  be  obtained  on  loan  from  Canton- 
ment Magistrates,  or  they  can  be  provided  at  small  cost  in  the  propor- 
tion of  5  per  cent,  of  the  strength  of  the  unit.  They  are  made  of  iron, 
and  are  shallow  oval-shaped  pans  or  buckets  about  twice  as  long  as 
broad.  Persons  using  them  can  squat  over  them.  They  can  be  lowered 
into  the  soil  if  considered  too  high. 

3.  Light  iron  bars,  say  about  I  inch  in  diameter,  4  feet  in  length,  in 
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Fig.  42.— Plan  (A)  and  Elevation  (B)  of  night-soil  incinerator  for  camps  or  cantonments. 

sets  of  10,  are  required  for  the  construction  of  incinerators.  An  infantry 
battalion  at  full  strength  would  find  it  convenient  to  have  three  sets  of 
these  bars,  other  units  require  two.  Serviceable  incinerators  can  be 
extemporised  out  of  the  bands  used  to  secure  bales  of  hay. 

4.  Fuel.  -Mounted  troops  and  transport  have  no  difficulty  in  this 
respect.    Infantry,  when    operating    independently,    may  require  a 
special  supply  to  commence  with  on  arrival  in  camp.    This  mav  be 
obtained  as  a  special  supply  of  a  bale  of  bedding  grass.    When  brigaded 
tjie  htter  of  camps  should  be  distributed  among  units  under  Brigade 


Ord 


ers. 


.  ^;  ''^^^  question  of  transport  must  be  arranged  for  locally  The 

160  lbs.  Although  his  IS  only  one  mule  load,  it  may  be  necessary  to 
arrange  for  two  mules  per  unit,  in  order  to  provide  for  detached  parties. 

_  "An  incinerator  should  be  built  beside  each  group  of  latrines.  This 
IS  done  by  preparing  thick  mud,  from  which  brick-like  pieces  hould 
al^T      i?'''  '^"^'^^  ^^^^"g^d  round  a  ciVcle  3  feet  n 

toZt  ri  ^"^^f       «"r«'^ent.    At  first  four  equidistant  spaces  are  lef^ 
drauLht  l2      f f t*^'^  ^segmented  iall  is  0  inches  high,  tl  e 
draught  holes  are  bridged  over  by  making  the  wall  continuous  When 
he  wall  IS  about  8  or  9  inches  high,  the  bars  are  laid  across  troneninl 
leaving  an  equal  interval  between  each  bar.  projecting  towards  ale 
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^'^'x^  ?!        compass.    The  heiglit  of  the  well  should  be  about  3  feet ; 

u   n?r  ^  ^^^S^'^  slope  inward,  eo  tliat  the  upper  opening  should 

be  2|  feet  across.  '■.  ° 

"  If  the  soil  is  too  sandy  for  this  turves  and  roots  of  herbage  with 
soil  adherent  should  be  utilised.  It  may  be  impossible  in  such  cases 
to  raise  the  wells  as  high  as  ?,  feet.  It  will  be  necessary  then  to  rest 
content  with  such  an  erection  as  will  raise  the  bars  8  or  9  inches  above 
the  ground,  and  will  afford  at  least  a  low  containing  wall  above  the  bars 
sufficient  to  prevent  wind  blowing  refuse  about.  In  such  soil  it  may 
sometimes  be  found  convenient  to  make  a  cross-cut  trench,  to  lay  the 
bars  across  the  intersection,  and  to  build  a  small  containing  'wall.  But 
this  practice  should  not  be  adopted  if  avoidable,  as  it  is  difficult  to 
remove  ash  from  the  trench. 

The  routine  to  be  followed  is  ; — 

Upon  arrival  in  camp,  the  latrine  site  having  been  indicated,  the 
pans  (with  litter  in  them)  are  laid  out  ready  for  use,  and  the  sweepers 
and  bhisti  at  once  proceed  to  make  mud  and  then  to  build  an  incinera- 
tor. Under  ordinary  circumstances  with  trained  personnel,  this  takes 
about  an  hour.    Fuel  is  collected  from  the  lines  and  vicinity. 

Incineration  is  then  proceeded  with..   Six  inches  depth  litter  is 
'  laid  upon  the  bars  and  ignited.    As  soon  as  this  is  burning,  more  litter 
-is  placed  upon  the.  fire,  and  when  this  has  a  . good  hold,  the  contents  of 
the  pans  are  tipped  over  into  the  fire,  each  pan  being  cleaned  out  with 
Jitter  which  is  at  once  burnt. 

Urinals  {empty  tins)  are  preferably  not  to  be  tipped'  over,  but  the 
soaked  litter  in  them  is  to  be  placed  in  the  incinerator ;  more  litter 
should  then  hd  added  to  the  urine  until  the  whole  has  been  soaked  up. 
When  urine  has  to  be  emptied  directly  into  the  fire  only  small  quanti- 
ties should  be  poured  in  at  one  time  and  the  furnace  given  time  to 
'recover  between  each  emptying.  In  peace  movements,  when  the  quarter- 
master's party  precede  the  main  body,  one  set  of  bars  and  half  the 
pans  are  carried  to  the  next  camp  and  the  latrine  arrangements  prepared. 
The  bars  and  pans  in  the  old  camp  are  brought  on  as  soon  as  the;- camp 
has  been,  duly  cleared  up.  ■ 

The  above  procedure  was  successfully  carried  out  last  winter  by  a 
'cavalry  brigade  as  well  as  by  '  other  units,  British  and  Indian,  and 
the  result  of  their  experience  is  noted  foi-  general  information,  with 
the  reminder  that  no  process  can  be  efficiently  executed  without  due 
training  of  the  workmen."  >  . 

Units  which  do  not  carry' out  efficient  sanitation  are  a  danger  to  the 
force'..  Medical  officers  of  units  must  be  held  responsible  that  insanitary 
practices' are  at  oUce  reported  to  the  commanding  officers  who  afe 
responsible  for  the  sanitation  of  their  areas  (if.  7i.,  §100,  arrieuded 
by  A.  0.  137:of  3uth  xMai-ch  190«> 
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"  It  is  essential  that  special  attentiou  should  be  paid  by  the  trans- 
port corps  to  incineration,  and  a  strict  discipline  be  maintained  over  all 
followers  to  prevent  their  reverting  to  primitive  methods."        .  : 

Where  incinerators  are  in  use  shortly  after  Reveille  they  should  be 
thoroughly  cleared  of  ashes  and  made  fit  to  commence  the  day's!  work. 

Normal  healthy  excreta  is  innocuous.— Normal  healthy-  excreta, 
as  a  rule,  except  when  in  a  high  state  of  putrefaction  and  the  products 
of  decomposition  concentrated,  do  not  give  rise  to  disease,  but  'on  field 
service  we  have  practically  always  men  with  latent  infective  disease  or 
recovering  from  communicable  disease,  with  the  force,  who  are  a  danger 
to  others.  With  healthy  excreta,  flies  from  privies,  whilst  they  annoy, 
do  not  give  rise  to  infectious  disease,  even  if  they  reach  our  food, 
etc. 

Pail  system  for  standing  camps. — "  Care  should  be  taken  to 
prevent  the  pollution  by  latrines  or  refuse  pits  of  ground  within  100 
yards  of  the  encarnpment,  or  any  possible  extension  of  it.  An  im- 
provised pail  system  of  latrines  should  be  established  if  possible. 

This  would  necessitate  the  use  of  carts  and  buckets,  pails,  or  recep- 
tacles, or  one  of  the  latter  with  removal  by  the  conservancy  sweepers,  or 
what  is  far  preferable,  the  erection  of  incinerators. 

The  buckets  must  be  emptied  into  carts,  and  both  carts  and 
buckets  must  be  cleaned  every  day.  The  carts  should  have  water-tight 
covers,  be  provided  with  tipping  lids,  and  a  derrick  that  will  enable 
the  buckets  to  be  emptied  with  a  minimum  of  handling  and  without 
the  possibility  of  contents  being  splashed  about  or  spilt.    -  - 

When  a  system  of  pail  latrines  is  in  operation,  they  should  be  suit- 
ably placed  in  relation  to  the  camp.  Buckets  are  best,  but  kerosine  oil 
tins  serve  the  purpose.  They  should  be 'id  proper  position  in  relation 
to  the  seat.  With  the  pail  system,  solutions  Of  liquid,  disinfectants, 
such  as  saponified  cresol  (1  to  640)  are  d^idedly  of  use  in  preventing 
the  multiplication  of  disease  germs.  ,  - 

Dangers  of  enteric  fever  from  feces  and  urine'— The  Hsk  of 
enteric  fever  from  human  faeces  and  urihe,  and-  of  (dysentery  and 
epidemic  diarrhoea  from  faeces,  should  be  made 'a  m'atter  of  o-eneral 
knowledge  throughout  the  army.  ^ 

Breeding  of  flies  in  night-soil  trenches— its  dangers.— The 

breeding  of  flies  in  latrine  trenches  should,  as  far  as  practicable  be 
prevented.  For  this  purpose  the  best  precaution  is  the  use  of  crude 
petroleum,  which  when  sprinkled  over  an  open  trench  is  most  valuable 
m  keeping  flies  away  from  its  contents.  It  is  the  cheapest  of  all  agents 
that  can  be  used  for  this  purpose.  On  a  small  scale  one  has  used 
kerosine  oil  in  hospital  latrines  for  several  years,  and  can  speak  of  its 
value  as  an  enemy  to  flies.  Lime,  when  liberally  used  in  trenches,  may 
also  help  to  prevent  Hies  breed ing._  The  free  use  of  such  disinfectants 
as  cresol  (1  to  640)  does  the  same. 
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"Flies  and  other  insects  carry  disease,  and  all  food  should  be 
protected  from  them.  This  can  be  prevented  to  some  extent  by  keep- 
ing all  sites,  especially  horse  lines,  scrupulously  clean.  All  refuse  and 
litter  should  be  burnt,  buried  or  removed  far  from  the  troops."* 

In  Manchuria  the  Japanese  found  that  flies  laid  their  egars  chiefly 
in  horse-dung  and  refuse  generally,  the  burning  of  which  to  some 
extent  mitigated  the  nuisance  and  prevented  mature  flies  from  develop- 
ing in  swarms.  Quicklime,  ashes  of  every  description,  and  thoroughly 
dried  earth  were  sprinkled  upon  night-soil,  so  that  flies  could  not 
have  direct  contact  with  it, 

F.— Ueinaries. 

Day  urinaries. — For  temporary  camps  the  day  urinal  may  consist 
of  excavations  in  the  soil,  circular  or  square  trenches  within  the  latrine 
screen  and  to  windward  of  the  latrine  trenches.  Where  the  earth  is 
absorbent  it  soon  disappears,  hut  it  should  be  covered  with  earth  twice 
a  day.  The  most  common  soil  along  our  Frontiers  and  in  camping 
grounds  in  Northern  India  is  alluvium,  consisting  of  a  mixture  of 
clay,  loam,  and  sand,  and  this  is  sufficiently  absorbent  to  remove  all 
urine.  When  the  soil  does  not  soak  up  all  the  urine,  fresh  urine  pits 
should  be  dug  as  often  as  necessary,  and  the  pits  should  be  3  feet  deep. 
In  all  cases  earth  should  be  thrown  into  the  trenches  several  times  a  day. 
Lime,  when  available,  is  a  useful  agent  for  urine  trenches  to  keep  down 
odour  and  prevent  access  of  flies. 

Night  urinaries.— It  is  very  desirable  that  some  form  of  receptacle 
be  provided  as  urinaries  for  night  use  to  prevent  soiling  of  the  ground 
around  tents,  and  the  possible  spread  of  enteric  fever  by  this  means. 
Empty  kerosine  oil  tins,  obtainable  for  this  purpose  without  much  diffi- 
culty or  expense,  form  part  of  the  regular  equipment.  Old  biscuit 
tins,  buckets  or  pails  of  some  description  may  all  answer  this  purpose. 
They  should  be  partly  filled  with  grass,  straw  or  hhoosa.  They  should 
be  removed  at  Reveille,  and  emptied  into  the  day  urine  trenches  or 
preferably  into  special  pits.  Where  such  receptacles  are  not  obtainable 
and  the  ground  is  porous  (gravelly  or  sanHy),  small  trenches  2  feet  deep 
by  3  feet  long  and  1  foot  wide  might  be  excavated  to  one  or  other 
flank  of  the  unit,  four  such  per  battalion.  When  half  full  they  should 
be  filled  ud  with  dry  earth,  closed,  and  fresh  ones  dug  for  use.  Suffi- 
cient earth  to  absorb  the  urine  of  the  previous  night  should  be  added 
to  these  trenches  every  morning.  In  all  cases  the  pits  should  be  closed 
for  use  at  Reveille,  and  when  they  consist  of  mere  excavations  in  the 
earth,  filled  up.  They  are  not  to  be  used  during  the  day.  Men  found 
urinating  in  unauthorised  places  should  be  punished. 

There  are  many  ways  of  making  urine  pits  for  night  use,  and 
medical  officers  can  always  devise  some  plan  that  will  prevent  tlrem 
being  either  a  nuisance  or  injurious  to  health.    Those  pits  will  best 

^  -  *  Combined  TrainiiKj,  1905,  p.  47. 
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take  the  form  of  shallow  trenches  leading  to  a  pit  filled  with  large 
stones,  the  trench  being  for  urinating  into,  the  pit  to  take  the  excess 
which  does  not  soak  into  the  trench.  Koughly,  two  trenches  each 
six  feet  long  will  suffice  for  600  men.  The  gradient  should  be  a  fall 
of  1  inch  to  a  foot,  and  the  width  some  9  inches  to  a  foot.  The  catch 
pit  will  vary  in  depth  and  size  according  to  soil  and  number  of  men 
using  the  trenches  ;  one  3  feet  deep  and  2  feet  in  diameter  in  moderately 
porous  soil  should  suffice  for  600  men.  If  the  pits  fill  rapidly  then  either 
fresh  pits  are  to  be  dug,  or  the  old  pit  partly  refilled  with  loose  earth. 
Each  of  these  urine  drains  in  good  porous  soil  lasts  for  a  few  days,  while 
the  pit  will  in  such  soil  act  efficiently  and  without  offensiveness 
for  ten  days.  When  foul,  new  ones  must  be  dug  and  the  old  ones 
filled  in.  A  typical  example  of  this  rough  urinal  is  shown  in  Fig.  43.; 
the  trenches  can  be  dug  as  radii   from  the  pit,  or  as  the  hands 


Fig.  43. -Plan  of  camp  uriual. 
of  a  watch.    In  some  cases  it  may   be  feasible  to  screen  off  the  pit, 
to  prevent  men  actually  micturating  into  it,  shifting  the  screen  with 

Outer 
Screen 


Fig.  44.— Diagram  of  camp  urinal, 
the  trenches,  or,  better  still,  cover  the  pit  with  sods,  leaving  apertures 
by  which  the  contributing  trenches  may  drain  into  it  Often  the 
unne  will  not  soak  away  rapidly ;  if  so,  one  must  either  dig  fresh  pits 
or  partly  refill  the  pit  with  loose  earth,  when  usually  it  will  be  found 
that  the  urine  quickly  gets  absorbed. 
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Night  urinals  should  be  on  the  flanks  of  the  camps,  not  between 
the  tents.    Their  positions  should  be  marked  by  white-washed  posts. 

Portable  sewage  sterilisers. — Various  forms  of  portable  apparatus 
have  been  advocated  for  the  sterilisation  of  excreta  under  the  conditions 
of  military  life  in  peace  and  on  service.  One  of  these  was  described  in 
the  Journal  of  the  Royal  Army  Medical  Corps  for  November  1905 
by  Lieutenant-Golonel  Glenn  Allen.  R.A.M.C.  In  it  the  sterilisation 
(of  pathogenic  or  disease-producing  bacteria)  is  effected  by  raising  the 
tempeirature  of  the  sewage  to  140°  F.,  and  he  considers  that  a  tempera- 
ture of  even  131°  F.  for  5  minutes  would  suffice.  Such  apparatus  have 
been  used  by  the  U.  S.  Army  at  different  times.  They  are  cumbersome, 
exceedingly  unportable,  and,  as  they  are  quite  impracticable  in  Indian 
F'rontier  warfare,  will  not  be  further  alluded  to  here. 

G. — Dry  Refuse  of  Camps  and  its  Disposal. 

Dry  refuse  and  its  disposal  in  camps.— As  soon  as  the  site  of 
the  camp  is  fixed  a  place  should  be  selected  for  the  final  deposit 
and  accumulation  of  all  refuse.  This  should  be  at  a  distance  (not 
less  than  120  yards  from  the  nearest  point  of  the  camp  and 
further,  if  possible),  situated  to  leeward  and  away  from  the  water-sup{)ly 
and  kitchens.  The  distance  away  will  naturally  vary  with  the  size  of 
camp,  facility  for  conveying  the  refuse,  and  other  circumstances. 
All  refuse  is  to  be  removed  as  expeditiously  as  possible  from  the 
vicinity  of  tents,  huts,  billets  or  bivouacs.  It  is  very  necessary 
that  all  solid  refuse  of  camps  be  kept  dry.  It  is  sometimes  useful 
to  collect  all  refuse  of  the  camp,  except  that  of  the  kitchens,  in  gunny 
bags,  several  times  a  day,  carry  it  to  leeward  of  the  camp  and 
burn  it.  In  standing  camps  pits  4  feet  square  and  4  feet  deep  may  be 
excavated,  dry  refuse  thrown  into  them  and  burnt  daily,  the  incineration 
being  assisted  if  necessary  with  crude  mineral  oil.  The  matter  of  the 
final  disposal  of  all  camp  refuse  should  be  in  the  hands  of  the  Divisional 
Sanitary  Officer,  and  he  should  have  full  authority  to  devise  and  insist 
on  his  orders  being  carried  out.  Refuse  should  never  be  thrown  into 
ravines  and  gullies  or  depressions  on  the  surface.  All  accumulated 
rubbish  in  the  presence  of  heat  and  moisture  must  necessarily  ferment, 
become  a  nuisance,  and  a  possible  source  of  disease  and  flies. 

Final  disposal  of  rubbish.— It  may  be  disposed  of  by  burial  or 
incineration.  Burial  may  be  used  where  only  a  small  force  has  to  be 
provided  for  and  the  outskirts  of  camps  are  easily  reached.  With  a 
large  force  some  form  of  incinerator  is  indispensable. 

If  carts  are  used  for  removal  of  dry  refuse,  as  will  usually  be  the 
case  on  the  lines  of  communication  and  in  permanent  camps,  they 
fchould  be  such  as  will  not  permit  the  refuse  falling  out. 

Methods  of  incinerating  refuse.- Incineration  may  be  carried 
out  in  various  ways-from  the  burning  of  refuse  on  the  ground  at 
the  site  selected,  to  its  cremation  in  specially  constructed  incmera- 
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tors.    Duriug  the  Cuban  cairipaigii  around  Santiago,  the  camp  refuse 
was  incorporated  with  more  combustible  materials  such  as  crude  petro- 
leum before  ignition.    A  successful  plan  was  to  deposit  the  rubbish  on 
a  raised  platform  of  iron  rails  under  which  a  brisk  fire  was  kept  going. 
This  means  expense  from  the  quantity  of  mineral  oil  and  fuel  used. 
In  several  of  our  Indian  campaigns  the  rubbish  has  been  consumed  in 
improvised  incinerators  like  lime-kilns  as  was  done  in  the  Crimea,  and 
in  dry  weather  when  they  can  be  placed  over  200  yards  to  leeward  of 
camps,  this  is  one  of  the  simplest  methods  of  dealing  with  it,  in  wet 
weather  or  when  the  combustion  is  incomplete  and  slow^,  it  may  become 
a  disgusting  nuisance.    In  several  Frontier  expeditious  our  field  engi- 
neers have  constructed  refuse  incinerators  with  a  low  chimney  from 
kutcha  bricks  or  even  mud.    The  special  point  one  would  insist  on  is 
that  in  standing  camps  all  refuse  must  be  burnt  one  way  or  another. 
Incineration  in  such  camps  is  the  one  way  of  dealing  with  rubbish  and 
garbage  of  all  sorts — kitchen  refuse,  camp  sweepings,  litter  from  stand- 
ings of  all  transport  animals,  offal  of  all  kinds,  straw,  paper,  rags, 
bones,  empty  tins,  broken  bottles,  etc.— should  be  burnt  and  the 
incombustible  residue  buried.    In  connection  with  latrine  trenches  we 
have  alluded  to  the  terrible  nuisance  possible  from  the  breeding  of  flies 
in  the  trenches— and  the  same  remarks,  though  to  a  less  extent,  apply 
to  moist  and  fermenting  camp  refuse.    All  moist  and  incombustible 
animal,  vegetable,  and  other  refuse  which  cannot  be  burnt,  must  be 
carried  away  to  a  suitable  place  to  leeward  of  the  camp,  and  buried. 

An  excellent  form  of  refuse  incinerator  was  devised  at  Harrismith 
by  Conductor  Tomkins  and  Major  Clark  which  has  the  following 
advantages  : — 

(1)  Simplicity  and  cheapness. 

(2)  Rapidity  of  action -especially  in  wet  weather. 
,    (3j  Manure  may  be  loaded  directly  into  it. 

"  The  apparatus  may-  be  described  as  a  large  trough  made  of 


■  '  ^''is.;,4&,—li;iipruvisecl  dry  refuse  iucinerator. 
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wire-work,  raised  two  feet  above  the  ground.  The  trough  may  be  of  any 
length,  but  should  be  4  feet  wide  and  deep.  It  should  be  broadside 
on  to  the  prevailing  wind,  and  the  bars  forming  the  bottom  of  it  ought 
to  run  from  side  to  side  and  not  lengthwise.  The  mesh  must  be  about 
5  inches  square,  and  a  '  shelf '  of  corrugated  iron  or  other  material 
about  a  foot  wide  should  be  fastened  along  the  top  to  reduce  spillage 
while  the  litter  is  being  transferred  from  cart  to  destructor.  The 
waggon  to  be  unloaded  is  backed  right  up  to  the  incinerator ;  and 
the  litter  is  set  alight  in  the  ordinary  way,  near  the  bottom." 

Lieutenant-Colonel  E.  A.  Morris,  R.A.M.C,  has  described  a  simple 
and  easily  constructed  refuse  destructor  for  camps  and  cantonments. 
"  The  site  having  been  selected  two  trenches  are  dug  crossing  each  other 
at  right  angles,  each  trench  being  four  feet  long  and  ten  inches  wide, 
sloping  down  from  each  end  to  a  depth  of  nine  inches  in  the  centre,  the 
ends  being  further  splayed  outwards  to  increase  the  draught. 

At  the  intersections  of  the  trenches  a  square  is  now  laid  2  feet 


^1 


\ 


A.-Ground  Plan  of  destructor  :  A,  arches;  T,  trenches ;  W.  walls. 
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8  inches  in  outside  measurement  and  20  inches  inside  (W.  W.  Fig.46,  A) 
thus  giving  a  space  of  6  inches  wide  for  walls  ;  the  intervals  at  each 
trench  are  bridged  over  with  a  piece  of  Merwara  flag  of  suitable  width 

B 


;  1 


B. — End  view  of  ^tut.ng,     :  M.  Alei  wara  tiags;  T,  trench  ;  S,  stoke-hole. 
Fig.  46. — Plan  and  elevation  of  refuse  destructor  for  cantonments  and  camps. 

On  the  foundations  thus  formed  seven  pieces  of  angle  iron  2  feet  6 
inches  long  are  laid  down  at  regular  intervals  to  form  a  grating,  the 
angle  being  placed  upwards ;  another  piece  of  flag  is  placed  over  the 
ends  of  the  three  central  bars  to  hold  them  in  position  at  the  stoke-holes 
{m  Fig.  ^6,  B),  and  the  building  of  the  walls  is  then  proceeded  with. 
'I'he  walls  may  be  either  of  sun-dried  bricks  set  in  mud  or  of  old  bricks 
set  in  mud  or  mortar.  A  hole  4  inches  square  is  left  over  the  centre  of 
each  trench  to  allow  of  ashes  being  raked  down,  and  the  grating  cleared 
occasionally,  another  hole  being  left  in  each  side  wall  1  foot  higher  up 
to  increase  draught.  i 

"Just  before  the  rains  the  walls  were  plastered  over  with  a  mixture 
of  cow-dung  and  clay,  the  whole  was  then  given  a  good  coating  of  tar. 
The  seven  pieces  of  iron  cost  Hs.  3.    The  sweepers  can  build  the  wall. 

"The  reduction  in  cartage  by  this  simple  destructor  is  very  great; 
formerly  in  the  hospital  three  cart-loads  of  rubbish  were  taken  away 
daily,  now  one  cartload  of  ash  is  accumulated  every  three  days  If  these 
destructors  were  generally  adopted  fully  half  the  authorised  establish- 
ment of  rubbish  carts  might  be  dispensed  with."* 

An  excellent  modification  of  the  above  which  one  has  used  on 
several  occasions  in  camps  is  a  rectangular  or  cylindrical  chamber  built 
of  either  mud  or  sods  provided  with  air-inlets  at  the  base.    This  is  one 

*  Journal  of  the  Royal  Army  Medical  Corps.  September  1S)0S,  pp.  805,  30G. 
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of  the  simplest  and  easiest  form  of  refuse  destructor  to  work  for  small 

J3- 


l<'iG.  47. — Improvised  camp  refuse  crematory, 
amounts  of  rubbisb.    The  feeding  with  refuse  should  not  be  too  rapid 
or  it  will  smother  the  fire,  and  the  air-inlets  should  be  repeatedly  raked 
and  kept  open  and  free  for  air  to  enter  quickly,  especially  if  the  refuse 
is  at  all  wet. 

"  An  improvised  refuse  destructor  of  a  simple  nature  caa  be  made 
by  digging  two  trenches  intersecting  each  other  at  right  angles;  each 
trench  should  be  9  inches  deep  and  aoy  length  for  5  feet.  Over  the  angles 
of  intersection  a  chimney  or  shaft  is  built  up  of  sofis  of  earth,  a  few  bars 
of  iron  hooping  or  other  resistant  material  supporting  the  chimney  where 
its  walls  cross  the  trenches.  A  fire  can  be.  "quickly  lighted  at  the  base 
of  the  chimney  and  fed  steadily  by  throwing  rubbish  and  refuse  down 


jTrvn  Boop 

.  Jrcnch 

-1 

j7jQ_  4fj._piaii  of  impiovisod  ciimt)  retusH  ciumatory. 
{I'rom  Journal  of  the  Royal  Army  Medi'al  Corps,) 

the  top  Assuming  the  refuse  to  be  added  with  ordinary  care  and  the 
mtencvofthe  drauglit  trenches  maintained  by  judicious  raking  an 
enormous  amount  of  combustible  refuse  can  be  disposed  ot  in  a  few 
hours.    Such  an  arrangement  needs  supervision  and  care. 

Another  effective  refuse  crematory  is  one  consisting  of  a  circular 
nit  feet  deep  and  15  feet  in  diameter  (Fig.  49)  ;  the  bottom  is  covered 
-with  loose  stones  to  the  depth  of  a  foot,  and  on  this  a  circumferential 
wall  is  built  up  to  the  height  of  a  loot  above  the  ground  level,  the 
Ixcavlted  eart^i^W  it  to  prevent  surtace-wat^r 

•  Colonel  11.  H^'  FliiTii.  K.A.M.C.,  MilMary  Hygiene,  pp.  278,  2791 
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gaining  access  to  the  pit,  and  also  to  provide  a  sloping  approach 
for  tilting  refuse  into  it.    A  pyramid  of  large  stones  occupies  the 


Fig.  49. — Camp  refuse  crematory. 


centre  to  a  height  of  5  feet ;  this  is  essential  to  provide  a  steady 
draught  through  the  centre  of  the  burning  material.  Ordinary  wood 
must  be  used  to  start  the  fire,  and  after  it  is  well  burning  it  can 
be  steadily  maintained  by  adding  refuse  and  garbage.  The  stones  soon 
become  intensely  hot,  and  serve  to  dispose  of  liquid  and  damp  stuff 
with  great  rapidity.  This  is  an  ingenious  and  most  effective  camp 
crematory,  as  we  have  demonstrated,  but  it  is  not  of  universal  appli- 
cability ;  good  large  stones  are  a  necessity,  and  they  are  not  to  be  found 
in  sufficient  numbers  in  all  places.  Where  they  can  be  obtained  we 
can  testify  to  the  efficiency  of  this  device.* 

The  construction  of  a  simple  grate  by  laying  railway  rails  so  as  to 
form  a  grid  or  platform  on  lateral  supports  may  be  entirely  successful 
in  maintaining  a  brisk  fire,  fed  with  camp  refuse. 

Another  rough  way  is  to  form  a  framework  of  kerosine  oil  tins  or 
other  tins  with  air-spaces  between,  throwing  the  rubbish  on  the  tins 
and  regulating  it  below.  This  acts  in  the  same  way  as  the  burning  of 
bricks  with  refuse  does  in  brick-kilns  on  the  clamp  pattern. 

In  any  method  of  tliis  kind  adopted  the  great  point  is  to  ensure 
a  free  draught  of  air  under  and  through  the  refuse  to  provide  the 
necessary  oxygen  for  combustion  ;  the  wetter  the  refuse,  the  more  air 
naturally  is  required  to  burn  it. 

In  temporary  camps  with  small  quantities  of  refuse  it  is  only 
necessary  to  make  the  refuse  into  a  heap  mixed  with  as  much  dry  grass 
and  dry  sticks  as  can  be  got  and  set  it  on  fire. 

Method  of  dealing  with  refuse  regimentally.  — The  simplest  way 
IS  for  each  battalion  to  deal  with  its  own  refuse,  burning  it  daily.  In 
dry  weatlier  this  is  easily  achieved  by  excavating  for  each  battalion  a 
shallow  pit  a  few  inches  deep,  spreading  out  the  rubbish  on  it  to  dry, 
and  then  burning  it  in  situ.  Under  a  good  drying  sun,  it  soon  becomes 
highly  combustible.  Where,  from  deBciency  of  space  or  the  ari'ange- 
ment  of  surrounding  camps,  this  cannot  be  done,  the  refuse  of  a  whole 

*  Colonel  R.  H.  Fibth,  R.A.M.C,  Mililary  Flygkne,  pp.  280,  281. 
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brigade  may  be  deposited  in  the  one  place.  With  an  adequate  conser- 
vancy establishment,  and  especially  if  rubbish  carts  are  in  use,  this  is  a 
preferable  way,  as  from  the  mass  of  refuse  its  combustion  is  better 
insured. 

Where  incinerators  cannot  be  constructed  the  best  rule  is  to  burn 
all  refuse  that  is  inaammable  and  bury  the  rest,  but  such  burial  should 
always  be  away  from  the  water-supply  and  kitchens. 

The  final  sweeping  of  the  camping  ground  should  not  be  commenced 
until  the  unit  has  marched  off.  If  in  an  enemy  s  country  and  the 
sweepers  must  accompany  the  main  body,  then  the^camp  area  shou  d 
first  be  sprinkled  with  water  and  swept,  the  mam  body  in  the  meantine 
getting  ready  to  march. 

Various  portable  incinerators  have  been  proposed  and  in  some 
cases  used  for  camps  and  on  field  service.  0  these  Horsfall  s  is  said  to 
be  very  satisfactory  for  fixed  encampments,  bat  for  moving  camps  i  s 
weight^  and  difficulty  of  transport  are  disadvantages.  _  The  same  objec- 
tions hold  good  with  the  different  movable  refuse  incinerators  hithe  to 
used,  so  that  as  far  as  our  Indian  Frontier  wars  are  co;^^^™^^  they 
.reas  impracticable  as  they  are  unnecessary  Frequently  mdiv  du^^^ 
ingenuity  will  be  able  to  devise  better  methods  than  any  o  these 
ingenuity  vyui  u  vpraark  does  not  apply  to  the  several  forms 

movable  incinerators.  Ihis  lemarK  uue&  uu  j  j„,.,-no.  +hp  ia<,t 
of  portable  metal  night  soil  incinerators  ^^^^^^^^^J^^^^Xfe  haveTn 
few  years  been  experimented  with  during  manceuvies  ta^^^ 

man/instances  worked  admirably  and  as  they  ^^^^ 
of  camps,  to  a  large  extent  solve  the  difficulty  of  disposal  of  diy 

and  night-soil.  ,   ,  .      ^^  i. 

■vT  1  f  Koc  i.PPn  Kaid  it  will  he  evident  that  m  all  standing 
Jromwhat  ^as  been  baid  it  wm  constructed  for 

camps,  wherever  practicable,  incinerators  snouiu 

burning  camp  refuse,  dead  animals,  etc.  ^ 
Unattached  transport  animals.-A  vast  of  t^^^^^^^^^^^^^ 

animals  a.e  constantly  passing  to  and  from  Ihe  fiont  ^.th  prov.s.o  , 

Mrr:,::  ZZ'ir^J^  rnSa.?°H«e.  intone 

t:^:;f  all' of  eot  i.  tins  respe^^^^ 

As  these  convoys  nsually  eave  early  m  mo  m^^^^^^^  it  ■  ^^^^^ 
catch  the  delinquents  ana  praot^oalb,  whatev^  ^^^^  _ 

transport  requires  special  watching. 

n  ,        T««c     Hor^p  lines  and  those  of  transport 
^:^^^o^Z^  s^iU^^.    The  dung  of 
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animals  must  be  removed  daily  as  otherwise  it  dries  and  is  blown  about, 
or  forms  a  place  specially  favoured  by  flies,  the  latter  soon  diffusing 
through  the  whole  camp. 

Complete  cleanliness  of  all  transport  lines  should  be  rigidly 
enforced.  The  standings  of  all  animals  of  transport  corps  require 
careful  supervision,  and  the  drivers  compelled  to  collect  and  remove 
all  litter  to  the  allotted  places  daily  and  if  possible  incinerate  it.  All 
drivers  neglecting  this  duty  should  be  punished.  The  standings 
of  the  animals  should  also  be  changed  twice  a  week,  to  allow  the 
previous  standing  to  be  thoroughly  cleaned,  and  the  sun  to  purify  the 
ground,  and  re-fit  it  for  use  if  necessary.  A  neglected  transport  camp 
may  become  a  horrible  nuisance— it  has  happened  that  the  entire 
position  of  the  camp  of  the  force  has  been  abandoned  on  this  account, 
as  at  Khar  during  the  Chitral  Relief  Expedition  in  1894.  All  transport 
animals  where  practicable  should  be  picketed  near  and  parallel  to  the 
main  roads  (but  away  from  all  source  of  water-supply),  to  avoid  soiling 
the  camp. 

When  the  space  available  for  the  camp  is  limited,  there  is  neces- 
sarily over-crowding  of  men  and  transport  animals — if  the  arrangements 
for  maintaining  the  camp  really  clean  are  restricted  to  a  minimum, 
we  have  all  the  conditions  present  to  create  rapidly  spreading  disease 
of  various  kinds.  Such  was  the  condition  of  Karuppa  at  the  time  of 
its  evacuation  in  Decembpr  1897. 

Sweepers'  brooms  and  gunny  bags  or  baskets  for  regiments. — 

Quarter-masters  of  regiments  should  take  with  them  a  sufficient  supply 
of  serviceable  brooms  and  gunny  bags  or  baskets  for  the  company 
sweepers.  With  these  in  hand,  the  sweepers  will  have  no  excuse  for 
neglecting  their  work.  G-unny-bags,  sacks,  baskets,  or  some  substitute 
for  them,  are  very  necessary  to  remove  the  kitchen  and  camp  refuse 
generally,  to  the  place  allotted  for  it. 

An  adequate  extra  conservancy  establishment  necessary.— 

Whilst  under  ordinary  circumstances  the  sanitary  cleaning  of  camps, 
collection  and  disposal  of  refuse,  and  work  of  the  night-soil  pits  is' 
carried  out  by  the  company  sweepers  of  units,  in  actual  practice  'on 
field  service  it  is  found  that  these  are  inadequate,  and  would  be 
altogether  so,  when  the  task  of  eradication  of  infectious  disease  arose. 
An  adequate  extra  conservancy  establishment  should  accompany  the 
force  and  be  placed  at  the  disposal  of  provost-marshals  or  camp  staff 
ofiBcers.    They  should  be  equally  distributed  in  divisions.    A  few  in 
excess  for  each  battalion  is  sound  economy.    They  could  be  utilised 
also  to  replace  casualties    from  sickness    or  other  causes  amonost 
sweepers.     With  a  deficient  conservancy  establishment  it  becomes 
necessary  to  use  the  sweepers  of  units  and  this  can  only  be  done  at 
the  expense  of  the  sanitary  state  of  camps  of  the  separate  corps,  which 
is  a  very  undesirable  contingency. 
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Filling  up  of  ditches,  pits,  etc — All  ditches,  pools,  and  pits  near 
tents  should  as  far  as  practicable  be  filled  up  with  earth.    On  our 
Indian  Frontier  pits  are  frequently  created  by  people  removing  the 
earth  for  building  purposes.    When  they  excavate  the  ground  to  a 
certain  level,  the  subsoil  water  flows  into  the  pit.    This  is  the  origin 
of  a  large  number  of  the  superficial  wells  in  many  villages  and  towns. 
The  water  from  such  wells  is  very  impure.    These  pits,  if  not  formed 
into  wells,  are  used  for  committing  nuisances  in,  or  for  throwing 
rubbish  into,  which  rubbish  after  rain  mixes  with  the  rain-water  and 
makes  the  place  very  unhealthy.    All  such  excavations  should  be  filled 
up  with  earth.    If  this  is  not  practicable,  their  mouth  should  be  closed 
by  a  substantial  cover,  or  the  circumference  surrounded  by  a  protect- 
ing barrier.    We  have  more  than  once  known  accidents  to  arise  from 
persons  falling  into  such  excavations. 

H — Ablution  Places. 

In  all  standing  camps  the  troops  should  have  facilities  for  bathing, 
and  if  hot  water  can  be  provided  for  the  purpose  so  much  the  better. 
Water  can  be  readily  heated  in  boilers  where  there  is  sufficient  fuel ; 
if  necessary  such  fuel  might  be  obtained  through  regimental  arrange- 
ments. 

Except  along  rivers  and  streams  it  is  difficult  to  make  satisfactory 
arrangements  for  the  bathing  of  men  and  washing  of  clothes  on  the 
march  to  and  from  the  front,  or  actually  in  the  field.  It  is  usually 
possible  to  improvise  some  form  of  trough  for  this  purpose.  When 
the  men  can  be  provided  with  wash-hand  basins  or  buckets,  there 
should  be  no  difficulty  in  keeping  themselves  clean. 

It  is  always  desirable  to  provide  some  form  of  privacy  for  the 
bathing  places.  In  permanent  camps  where  European  privates  tents  or 
marquees  are  available,  the  interior  may  be  divided  off  into  bathing 
compartments  by  canvas  screens.  Even  with  general  service  tents  thas 
is  easy  to  arrange  for  in  most  standing  camps.    The  compartment 


Q  0  Q  D  Q  QQ. .Oi 


Fig,  50.-:-Iinprovi8ed  bathiuK  pl'ice. 


hould  have  a  seat,  and  a  metal  or  canvas  bath.  The  bath-water  should 
be  discharged  over  waste  ground  along  specially  made  drains.    I  he 


pecially 
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method  of  disposal  of  kitchen  slops  is  applicable  to  that  of  ablution 
water  unless  the  soil  is  very  impervious. 

With  regard  to  the  Native  Army  there  is  always  the  risk  of 
creating  an  unhealthy  swamp  on  the  confines  of  bathing  and  washing 
places,  when  these  are  not  connected  with  rivers  or  streams.  To 
obviate  this  it  is  desirable  to  allot  a  place  for  bathing,  away  from 
the  well,  tank,  etc.,  supplying  drinking  water,  and  another  for  washing 
clothes.  A  sanitary  policeman  should  be  on  duty  at  the  principal 
washing  and  bathing  times  to  see  that  the  men  cause  all  the  water 
to  flow  into  the  drains  (which  should  be  made)  and  pits,  and  prevent 
water  being  thrown  about  the  surface. 

I. — Washing  and  Drying  of  Clothes. 

Some  form  of  clothes  washing  bench  is  a  useful  addition  for 
washing  articles  of  soiled  clothing,  such  as  socks,  shirts,  drawers,  etc., 
which  can  be  easily  dried ;  and  this  washing  of  clothes  by  the  men 
should  be  encouraged. 

The  clothing  of  the  Japanese  soldier  was  washed  as  often  as 
opportunities  occurred,  and  they  had  with  them  disinfecting  apparatus 
with  which  the  clothing,  etc.,  belonging  to  each  soldier  was  disinfected 
or  sterilised  whenever  it  was  thought  necessary  to  do  so.  Each  of  these 
disinfecting  apparatus  had  a  capacity  for  disinfecting  the  clothes  of 
20  men  at  a  time.  "  There  were  more  than  100  of  these  disinfectors  in 
use,  and  they  were  a  very  useful  means  of  preventing  any  epidemic 
disease  from  spreading"    (Surgeon-General  Takaki.) 

In  all  camps  there  should  be  arrangements  for  men  dryincr  their 
clothes  The  construction  of  simple  devices  for  this  purpose  gives  some 
scope  for  ingenuity.  Any  kind  of  framework  will  do-iron  hoopina, 
telegraph  wire,  bamboos,  etc.,  with  ordinary  cliulas  below  the  frame- 
work This  may  be  carried  out  in  special  tents  or  temporary  sheds 
constructed  for  the  purpose,  or  (in  dry  weather)  in  the  open. 

J.— Disposal  of  Dead  Animals. 

imme^biTvl""  T'!^''^  5"''  ^^''^"g^^^^ts  ^l^o^ld  be  made  for  its 
eSer  tefo v'T       ^T..         ""^^l^'  '^^^'-^^  ^^^^W  always  be 

£d  h^°'^'^'^^'',  '^''^'^  commences.    Sanitary  policemen 

rats    etc     an^i  ;  ^'^^  ^^^^^'^^"^  dead  dogs,  cats, 

Whood'nf immediately  conveyed  from   the"  keigh^ 

or  carrier!  ^^^^^  ^  l^yer  of  lime,   and  at  once  carted 

awav  f  on,  .1  ''"^^  ^'"^^  "^^"-'^^  deep  in  the  soil 

nlt  bl  tL    ""'^^^^  ^'^'^  '^"'•"'^'^  of  any  description  should 

refuse  Z  tJ"*"  '^'''-  '^t'  °^  ^"^^^^  '^^^^^  ^'^^d  with  the  dry 
rnSs  accorfc^^^  Manchuria  either  buried  or  burnt  all  dead 
(tuunais  according  to  circumstances. 
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In  the  absence  of  big  refuse  incinerators  the  burning  of  carcases 
of  large  animals  (camels,  oxen,  mules,  etc.,)  is  quite  impracticable. 
Burial  is  equally  so  where  a  large  number  of  animals  have  to  be  dealt 
with.  The  only  alternative  is  to  drag  the  animals  several  hundred 
yards  to  leeward  of  the  camp,  remove  and  bury  the  viscera,  and  let 
natural  processes  of  decay  do  the  rest — various  carnivorous  birds  and 
animals  help  in  this  process.  The  degree  of  offensiveness  in  the  decay 
may  be  lessened  by  charring  the  interior  where  there  is  some  com- 
bustible material  at  hand  to  effect  this.  When  an  animal  dies  of  some 
infectious  disease  it  is  better  not  to  remove  the  entrails.  The  place 
to  which  dead  animals  are  to  be  dragged  and  how  they  are  to  be 
disposed  of  should  be  included  in  the  sanitary  orders  of  camps. 
For  the  disinfection  of  carcases  of  animals  dead  of  bacterial  disease 
destruction  by  fire  is  the  best,  but  it  is  seldom  it  can  be  carried 
out.  They  are  usually  buried  in  a  deep  pit  of  sufficient  size,  the 
carcases  being  thrown  on  to  quicklime,  which  agent  should  also  be 
thrown  over  and  all  round  them.  The  abdominal  and  thoracic  cavities 
should  first  be  opened  so  that  the  lime  can  reach  these  regions. 
"Where  large  refuse  or  night-soil  incinerators  are  in  use  the  carcases 
should  be  quartered  and  burnt. 

K.—Slaughteeing- PLACE,  Etc. 

The  sites  of  the  shambles  should  be  fixed  and  orders  given  as  to  how 
all  ofial  is  to  be  disposed  of— this  will  usually  be  by  burial  or  incinera- 
tion. Slaughtering  should  be  carried  out  at  least  100  yards  away  from 
the  camp  and  from  latrines  ;  all  ofifal  should  be  buried  in  pits  at  least 
3  feet  deep  in  one-day  camps,  and  4  feet  deep  in  standing  camps,  and 
as  fresh  offal  is  added  earth  should  be  thrown  in,  and  finally  refuse  burnt 
over  it  and  an  earth  covering  laid  as  in  the  case  of  latrine  trenches. 

Site  for  cemetery.— In  standing  camps,  specially  vi^ith  a  large 
force,  some  well-chosen  place  away  from  the  water-supply  and  reason- 
ably remote  from  the  force  should  be  fixed  as  a  cemetery.  The  burial 
should  always  be  in  deep  graves,  and  where  infective  disease  has  been 
the  cause  of  death,  every  possible  precaution  should  be  taken  against 
spreading  the  disease  by  infection  along  the  route  to  the  cemetery  and 
from  the  cemetery  itself.  Over  the  bodies  of  their  dead  the  Japanese 
spread  a  layer  of  lime,  charcoal,  ashes,  or  slack. 

Notice  boards.— It  is  desirable  to  put  up  notice  boards  directing 
to  the  position  of  the  source  of  water-supply,  latrines,  urinals  refuse 
pits  hospitals,  bazaar  (if  there  is  one),  and  a  plan  showing  the  location 
of  these  should  be  on  view  at  the  camp  commandant  s  office- 
New  arrivals.-All  new  arrivals  at  the  front  must  be  made 
thoroughly  familiar  with  every  sanitary  and  preventive  measure  adopted 
in  the  force. 
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L.—  Huts,  Billets,  Shelter  Tents,  and  Bivouacs. 

Huts  for  all  but  temporary  occupation  desirable.— Whenever 
the  occupation  is  of  a  permanent  nature,  as  in  investments  and  the 
defences  of  strategical  positions,  it  is  desirable  to  hut  the  troops.  They 
keep  better  health  in  them.  The  employment  of  huts  has  greatly 
extended  in  modern  times  in  armies,  both  in  peace  and  on  field  service. 
In  war  they  are  a  means  of  rapidly  housing  an  army,  and  are  always 
better  for  winter  quarters  than  tents.  "  Before  erecting  huts  the 
ground  should  be  cleaned  and  levelled,  and  a  trench  dug  round  the  site 
of  the  hut  sufficiently  deep  to  drain  it.  Huts  should  neither  have  the 
earth  dug  up  from  inside,  nor  heaped  against  the  outside;  they  should 
stand  detached,  at  a  sufficient  distance  from  each  other,  and  from 
the  neighbouring  higher  ground,  to  allow  of  a  free  circulation  of  air 
ai-ound  them.  In  warm  climates  the  floor  should  be  sufficiently  raised 
above  the  ground  to  allow  a  free  circulation  of  air  beneath." 

Essentials  in  construction  of  huts. — The  hut  should  be  provided 
with  ridge  ventilation  and  projecting  eaves  to  carry  oflf  the  rain-water 
from  the  foundations ;  it  should  have  the  requisite  number  of  windows, 
and  should  be  raised  sufficiently  above  the  ground  to  allow  of  a  free 
current  of  air  to  pass  beneath  the  flooring.  In  hot  climates  the  roof  and 
sides  should  be  double,  if  these  latter  are  not  protected  from  the  sun  by 
verandahs.  They  are  best  arranged  en  echdon  to  get  full  advantaoe  of 
wind  for  ventilation  purposes.  Warming  may  be  eflfected  by  the  use  of 
stoves  or  an  open  grate,  the  latter  also  assisting  ventilation.  When  huts 
are  for  permanent  occupation  it  is  preferable  to  make  the  walls  of  fii-st 
class  brick.  Lord  Wolseley  advises  that  temporary  huts  on  service 
should  be  constructed  to  hold  28  men  and  should  have  the  following 
dimensions:  — 32  feet  long,  16  broad,  6  feet  to  eaves,  16  feet  to  ridge, 
giving  a  cubic  space  of  400  feet  per  man.  Two  such  huts  may  be  placed 
end  to  end  with  a  chimney  between  them.  The  roof  may  be  made  of  felt 
or  tarred  calico,  secured  by  strips  of  wood.  If  the  rainfall  is  heavy,  the 
roof  should  be  made  steep  to  throw  ofif  the  rain.  If  the  flooring  is  rnade 
of  wood,  it  should  be  fastened  by  screws  and  not  nails  — to  allow  of 
removal  of  boards  for  cleaning ;  if  of  earth  a  few  inches  should  be 
removed  from  time  to  time  and  replaced  by  gravel,  and  the  latter 
should  be  beaten  down.  Earth  is  most  objectionable  as  a  flooring  • 
It  soon  becomes  contaminated,  and  it  may  be  impregnated  with  disease- 
germs  ;  every  movement  or  gust  of  wind  raises  small  clouds  of  dust 
with  any  contained  germs.  Ashes  from  wooden  fires,  well  rammed 
down,  make  a  good  floor. 

It  is  preferable  to  have  a  movable  roof  to  huts,  and  one  of  the  best 
is  a  water-proof  sheeting  of  some  kind,  or  tarpaulin,  which  couid  take 
the  place  of  different  kinds  of  material  recommended  in  the  Manual 
of  Jyhhtanj  Engineering,  1905.  The  enormous  advantage  gained 
by  a  movable  roof  is  that  it  permits  of  the  interior  of  the  hut  being 
thoroughly  exposed  to  the  sun  and  air  whenever  necessary.    In  really 
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tropical  weather  such  a  roof  cannot,  of  course,  be  used  for  European 
troops.    When  properly  constructed  wooden  huts  may  be  made  quite  coul. 

When  huts  are  in  use  the  doors  and  windows  should  be  kept  open 
whenever  weather  permits,  and  always  for  several  hours  each  day.  If 
the  roof  is  of  canvas  it  should  be  rolled  or  turned  back  for  a  few  hours 
daily  or  at  least  twice  a  week. 

Huts  have  become  popular  buildings  in  India,  especially  on  the 
hills.  They  are  healthy  and  the  outlay  in  their  construction  is  com- 
paratively small.    They  are  better  adapted  for  a  cold  winter  than  tents. 

Materials  for  making  huts  — The  materials  used  in  the  making 
of  huts  are  determined  by  what  is  locally  available,  and  usually  consists 
of  brushwood,  logs,  reeds,  straw,  clay,  and  turf.  The  best  form  of  hut 
is  rectangular  in  plan  with  sufficient  width  f>r  two  rows  of  beds  and  a 
passage  down  the  centre,  but  when  the  material  available  is  of  small 
size,  one  row  of  beds  may  be  provided,  or  the  hut  may  be  made  of 
circular  form.  A  width  of  at  least  6  feet  should  be  allowed  for  each 
row  of  beds,  and  the  passage  may  be  from  2  feet  to  4  feet.  The 
accommodation  may  be  calculated  on  active  service  at  one  man  per 
foot  in  lenp'th  of  the  hut,  when  there  are  two  rows  of  beds,  and  one 
man  to  every  2  feet  when  only  one  row  of  beds. 

Hurdle  shelters. — Hurdles  may  be  of  special  dimensions  for 
hutting  purposes,  thus,  a  hurdle  10  feet  long  (measured  on  the  curve) 
may  be  made  into  a  hut.  T-he  hurdle  is  constructed  on  a  curve  slightly 
flatter  than  that  it  is  intended  to  have,  so  that  it  is  necessary  to  spring 
it  together  to  get  it  into  position.  It  is  then  secured  with  pickets  and 
covered  with  sods  or  daubed  with  clay.  The  ground  forming  the  floor 
of  the  hut  may  be  sloped  before  putting  on  the  hurdles.  Hurdles  for 
hutting  should  have  the  ends  of  the  picket  cut  off  as  close  to  the  web 
as  possible,  so  as  to  leave  no  gaps  between  them. 

When  brushwood  of  2  inches  or  3  inches  diameter  and  14  feet  or 
15  feet  long  is  available,  a  hut  may  be  constructed  for  a  dovible  row  of 
beds.  The  section  of  a  hut  being  decided  on,  is  laid  out  on  the  ground  ; 
from  this  the  length  of  the  rafters  is  obtained.  Each  side  of  the  roof 
is  then  made  separately  on  the  ground  as  follows :— Poles  2  ^  to  3  ^ 
diameter  are  laid  on  the  ground  parallel  to  each  other,  from  18  to  24 
apart.  These  form  the  rafters.  On  the  slope  of  the  rafters  and  at 
right  angles  to  them,  light  rods  or  laths  from  ^  to  |  inch  are  laid,  the 
top-most  one  being  at  such  a  distance  from  the  bottom  of  the  poles  as 
will  allow  the  frames,  when  made,  to  lock  at  the  desired  height  above 
the  ground,  the  lowermost  one  being  within  a  few  inches  of  the  bottom, 
and  the  interval  between  being  divided  according  to  the  length  ot  tne 
thatching  or  covering  material.  The  distance  apart  of  these  laths  shou  d 
be  slightly  less  than  half  the  length  of  the  covering  naatena  ,  so  that  the 
latter^ma^  be  supported  at  three  points.  With  good  -^-f -J^raw  the 
interval  may  be  fVom  12"  to  18".  At  eacAi  point  of  crossing  the  laths  and 
rafters  are  secured  by  a  short  length  of  one  strand  of  spun  y'-^rn.  and  t^^^ 
frame  thus  made  is  afterwards  stiffened  by  diagonals  lashed  underneath. 
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The  roofing  material)  which  may  be  of  unbroken  straw,  long 
ferns,  etc.,  is  now  put  on.  Commencing  at  the  bottom  a  layer  4  or  5 
inches  thick  is  equally  laid  over  the  three  lowest  laths,  ears  or  tops 
downwards ;  it  is  here  secured  by  a  light  rod  or  thatching  piece  tied 
with  spun  yarn  at  intervals  of  2  or  3  feet  to  the  second  lath  from  the 
bottom.  A  second  layer  is  now  put  on  one  lath  higher  up,  and  is 
secured  in  a  similar  way  to  the  third  lath  from  the  bottom,  and  so  on 
until  the  top  is  reached  ;  the  last  layer  projecting  over  the  top  lath,  so 
that  when  the  frames  are  locked  the  ends  may  be  twisted  together  to 
keep  out  wet.*  When  both  frames  are  ready  they  are  raised  and  locked. 
Forked  uprights  and  a  ridge  piece  may  be  added  to  stiffen  the  roof. 

Each  side  of  the  roof  may  be  made  in  one  piece,  or  if  large  and 
inconvenient  to  more  in  two  sections.  The  ends  of  the  laths  should 
project  about  2  feet  beyond  the  extreme  rafters,  and  are  supported  by 
the  framework  forming  the  gable  ends.f  The  latter  are  made  and 
thatched  in  a  similar  way  to  the  roof,  and  simultaneously  with  it,  an 
opening  being  left  for  a  door. 

In  order  to  give  additional  headway,  the  passage  may  be  sunk  t 
with  steps  at  each  end,  the  earth  being  thrown  to  the  eaves  as  addi- 
tional protection,  and  to  give  more  head-room  when  lying  down.  In 
very  cold  weather  the  whole  interior  of  the  hut  may  be  excavated,"  fire 
places  constructed,§  and,  if  the  rafters  be  strong,  some  of  the  excavated 
earth  may  be  thrown  on  to  the  top  of  the  roof,  a  collar  tie  being  added 
to  .strengthen  it.  It  is  however  inadvisable,  whenever  it  can  be 
avoided,  to  excavate  the  floor  of  huts  in  this  way. 

Wattle  and  daub  huts.—Walls  may  be  constructed  of  wattle  and 
daub,  ^.e.,  continuous  hurdle  work  daubed  over  one  or  both  sides  with 
clay,  in  which  IS  a  proportion  of  any  fibrous  substance,  such  as  straw 
grass,_  horse  hair,  etc.,  chopped  into  short  lengths  to  prevent  the  clav 
cracking  and  opening  as  it  dries.  This  mixture,  which  should  be 
kneaded  into  the  consistency  of  stiff  paste,  should  be  worked  in  with 
he  hands.  The  side  should  be  strutted  at  intervals  to  resist  wind  and 
the  roof  may  be  carried  on  a  ridge  pole,  which  may  be  strengthened  bv 
uprights  m  the  centre  {Manned  of  Military  Engineering,  PI.  64,  Fig.  ly 

Log  huts.-With  abundant  timber,  log  huts  may  be  constructed 
No  fastenings  are  needed  beyond  some\ooden  pegs  to  sefme  the 
rafters  to  the  top  logs.     The  roof  may  be  constructed  as  described 
above,  or  the  covering  material  may  be  of  slabs  of  wood,  bark  of  t  ees 
etc.    Bark  may  be  got  off  trees  in  large  strips  by  cutting  round  the  tree 
with  a  kmfe  at  intervals,  say,  of  4  feet,  then^ut  off  the^widft  requi  ed 

wood  to  detach  the  bark  from  the  tree  J  ' 

t  fb!7!'lfp^!JT''^  Engineering,  1905,  p.  76  ;  Vide  Fig.  6,  l^hmjb.  ~~ 
I  lb.  P.'  G3,'  Fig."  3.' 
§  lb.  P.  64,  Fig.  1, 

I  See  Manual  of  Military  Engineering,  1905,  p.  77. 
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Bamboo  was  used  in  the  Aslianti  Expedition,  on  several  of  out 
North-Kast  Frontier  Expeditions,  and  in  Suakim,  and  made  excellent 
huts.  In  the  Nile  Expedition  sun-dried  bricks  were  used  and  gave 
great  protection  from  the  sun. 

A  method  of  making  a  good  form  of  straw  mat  for  a  bed  is  as 
follows  : — Pickets  are  driven  into  the  ground,  the  outside  pickets  being 
at  a  distance  apart  about  6"  less  than  the  width  of  the  required  mat.  A 
cross-bar  is  fixed  about  2  feet  from  the  ground.  Several  lengths  of 
straw  yarn  are  then  taken  and  made  fast  about  the  middle  of  the  cross- 
bar, at  a  distance  of  5"  or  6"  apart  and  their  ends  made  fast  to  the  bar 
and  to  the  other  pickets.  Handfuls  of  straw,  rather  longer  than  the 
width  of  the  mat,  are  taken  and  pushed  in  between  the  yarns,  the  bar 
being  alternately  raised  waist  high  and  depressed  to  the  ground,  and 
passed  inside  and  outside  the  end  pickets,  so  as  to  form  a  hitch. 
Finally,  the  sides  of  the  mat  are  trimmed  to  the  right  size  by  a  sharp 
pair  of  scissors  or  a  knife  and  the  yarns  finished  off  at  either  end  with 
reef  knots.* 

The  following  diagrams,  representing  temporary  shelters,  explair 
themselves,  and  call  for  no  detailed  description. 


Fig  51.— Brush  wind-break  for  Bivouac. 


Fig.  52.— Arrangement  of  French  bivouac.  . 

»  mnual  of  Military  Engineering,  1905,  p.  78  ;  see.also  PI.  65,  fig.  1,  . 
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Circular  wall  bivouac.—"  When  no  other  materials  than  earth 
and  brushwood  are  available,  a  comfortable  bivouac  for  12  men  can  be 
formed  by  excavating  a  circle  with  a  diameter  of  18  feet  or  thereabouts 
and  piling  up  the  earth  to  form  a  wall  2  or  3  feet  high.  The  men  lie 
down,  like  the  spokes  of  a  wheel,  with  their  feet  towards  the  centre  as 
in  a  bell  tent.  Branches  of  trees,  or  brushwood  stuck  into  the  wall, 
improve  the  shelter."* 

Temporary  shelters  may  be  erected  by  driving  two  forked  stakes 
into  the  ground  with  a  pole  resting  on  them  ;  branches  are  then  laid 
resting  on  the  pole,  thick  end  uppermost,  at  an  angle  of  45°,  and  the 
screen  made  good  with  smaller  branches,  ferns,  etc.f  This  is  one  of 
the  forms  of  shelter  which  Gurkhas  are  so  clever  in  erecting  out  of 
what  seems  to  be  impossible  material. 

Temporary  shelters,  billets,  etc,  of  Japanese  — At  the  front  the 
Japanese  lived  in  teni  d'abri,  or  holes  dug  in  the  ground,  or  in  shelters 
constructed  of  any  materials  available.  In  the  rainy  season  men  lived 
in  village  houses  which  had  not  been  cleaned  from  time  immemorial. 
The  dirt  from  floor  to  ceiling  was  swept  away,  old  newspapers  were 
pasted  on  the  walls,  and  a  solution  of  carbolic  acid  was  sprinkled  about. 
After  finishing  the  sanitation  of  the  interior,  all  refuse  around  the 
house  was  collected,  removed  and  burnt.  Bath-rooms  and  latrines  were 
constructed  and  drains  were  dug.  The  villages  were  constantly  inspected 
by  medical  officers.  Amongst  other  things  they  suflfered  terribly 
from  Manchurian  flies,  which  were  a  disgusting  plague.  Covers  had 
to  be  made  for  food,  drinks,  cups,  bowls,  chopsticks  and  tooth-brushes, 
to  exclude  flies. 

In  camps  of  any  duration  baths  were  arranged  by  sinking  large 
Chinese  pots  in  the  ground,  in  these  a  man  can  fit  comfortably.  The 
Japanese  most  frequently  occupied  Chinese  houses,  which  were  previ- 
ously medically  inspected.  In  these  a  piece  of  the  brick  bed-oven  two 
metres  long  was  given  to  each  man,  and  on  which  straw  mats  or  quilts 
formed  a  comfortable  bed.  "  Specially  insalubrious  villages,  or  those 
with  a  great  number  of  infectious  diseases,  were  not  occupied— the 
troops  had  then  to  pitch  camp."  The  shelters  of  the  troops  at  the 
outposts,  when  they  had  to  face  for  weeks  the  vigorous  northern 
winter,  with  an  average  daily  temperature  of  30  to  36°  below  zero,  were 
of  earthen  huts  made  in  every  available  crevice  and  water-course,  or 
consisting,  when  these  were  not  available,  of  holes  dug  in  the  ground 
and  roofed  with  straw  mats,  reeds,  etc.,  the  doors  hung  with  tent  flaps, 
and  the  floor  covered  with  straw.  They  were  made  for  two  or  three  men  or 
for  whole  squads,  and  heated  by  wood  charcoal  burned  on  old  tin  provi- 
sion boxes,  or  reserve  cartridge  cases.  Where  practicable  kaoigs  were 
improvised  by  the  erection  of  two  low  walls,  overlaid  with  low  stones 

*  Manual  of  Military  Emjinterin'j,  1905,  p.  74, 
t  Combined  Training,  1905,  p.  46, 
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jointed  with  lime,  a  fire  being  kept  up  at  one  end,  and  the  smoke  issu- 
ing at  the  other.  The  stone  surface  thus  heated  formed  the  sleeping 
place. 

Billets. — Billets  have  several  advantages  by  allowing  of  proper 
rest  and  shelter  from  weather  etfects,  but  they  have  also  their  disad- 
vantages, not  the  least  of  which  is  the  dispersion  of  troops  they  cause. 
Close  billeting,  allowing  as  many  as  possible  to  sleep  in  houses,  the 
rest  bivouacking,  overcomes  this  disadvantage  to  some  extent.  "  For 
the  health  of  an  army  billets  if  available,  and  tactical  considerations 
admit,  should  invariably  be  utilised  in  preference  to  making  troops 
bivouac." 

Hardening  to  night  exposure  necessary— Soldiers  of  experience 
tell  us  how  severely  repeated  night  exposure  affects  the  stamina  of  all 
but  the  very  hardiest  troops.  One  of  the  chief  causes  of  its  bane- 
ful influence  is  want  of  proper  sleep  and  rest.  Night  operations 
prevent  both  sleep  and  rest  and  give  rise  to  much  hardship.  It  is 
probable,  however,  that  in  future  campaigns,  with  modern  weapons  and 
methods,  night  operations  will  become  increasingly  more  numerous. 
Hence  the  necessity  of  training  our  men  to  them. 

Shelter  tents— tent  d'abri.— There  is  no  special  tent  d'  ahri 
prescribed  for  troops  of  the  British  Army.  Four  excellent  types  of 
shelter-tents  are  described  and  figured  in  the  Manual  of  Military  Engi- 
neering, 1905,  Sec.  192. 

The  tent  d'abri  for  four  men  may  be  formed  with  three  water-proof 
sheets  laced  together  at  the  ridge.  Blankets  may  be  used  in  the  absence 
of  water-proofs  {Manual  of  Military  Engtneeriny,  PI-  62,  hg.  3). 
A  wall  of  straw  or  reeds  supported  between  sticks  tied  together  at 
intervals  may  also  afford  temporary  shelter  (PI.  62,  fig.  4). 

Shelter-tents  are  provided  in  some  European  Armies  and  in  the 
United  States  Army.  It  usually  consists  of  a  piece  of  canvas  or  water- 
proof sheeting,  which  when  united  to  that  of  another  man,  may  be  made 
into  a  shelter-tent.  It  is  provided  for  usage  of  a  purely  temporary 
character  and  is  intended  to  afford  protection  from  the  elements  when- 
ever the  employment  of  more  burdensome  shelter  s  impracticable 
The  belter-tent  camp,  therefore,  occupies  a  position  intermediate 
between  the  simple  bivouac  and  the  more  substantial  tent  encampment. 

A  tent  similar  to  the  shelter-tent  was  in  use  in  the  British  Army 
in  1750   but  was  re-invented  by  the  French  troops  in  Algeria  about  a 
■  century  later  ;  thebedsacks  wluch  were  issued  in  the  latter  service  a 
beiig  split  open,  fastened  together  in  couples,  and  utihsed  as 

shelters. 

T  TTm-fPfl  States  Army  the  shelter-tent  is  light— a  most 

sseoihl";-'efdT  iScb^d,  well  ventilated,  and  never  over- 
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crowded.  By  its  employment  the  hardships  of  the  bivouac  are  avoided, 
recourse  to  the  cantonment  system  becomes  unnecessary,  and  the  com- 
mand is  rendered  largely  independent  of  the  movements  of  the  trans- 
port.   It  serves  an  excellent  purpose  in  the  protection  of  troops,  not 


Fig.  53.— New  style  shelter-tent  U.S.A.    Two  double  sets  are  pitched  together. 

only  when  pitched  upon  the  ground,  but  also  when  used  as  a  roofing  for 
habitations  with  solid  walls.  It  is  not,  however,  a  sufBcient  protection 
for  a  winter  campaign.  As  usually  carried  by  the  soldier,  it  is  rolled 
around  the  blanket  in  the  form  of  a  long  cylinder  and  slung  from  one 
shoulder  to  the  opposite  hip  ;  the  free  ends  being  tied  together  with 
the  guy  rope. 

While  the  shelter-tent  has,  in  the  past,  been  rarely  employed  in 
the  German  service,  a  model  is  now  used  consisting  of  a  piece  of  water- 
proofed brown  material  5  feet  square,  furnished  with  eyelets,  button-holes 


Fia.  54.— German  shelter-tent. 

and  aluminium  buttons,  and  having  a  weight  of  3^  pounds  per  man. 
During  the  march  this  tent  can  be  used  to  protect  the  soldier  against 
rain,  being  fastened  around  the  neck  and  waist.  Two  men  can  pitch 
their  squares  together;  but  usually  a  number  unite  their  canvas  into 
one  shelter.  In  the  latter  instance,  four  individual  pieces  are  generally 
joined  to  make  a  single  long  sheet.  This  is  supported  at  the  middle 
by  a  ridge  having  a  height  of  7  feet  while  the  ends  are  pegged  to  the 
ground  at  a  distance  of  16  feet  from  each  other.  Half-way  between  the 
central  ridge  and  the  pegs  the  canvas  is  supported  by  small  uprights 
carried  for  the  purpose.  Sections  similar  to  the  above  may  be  added 
indefinitely — each  section  readily  accommodating  four  men.  The  can- 
vas may  also  be  pitched  over  a  frame,  so  as  to  form  a  shelter  with  a 
roof  and  back  but  open  at  the  front  and  sides.    In  fine  weather  or 
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summer  the  shelter-tent  is  not  pitched,  the  men  sleeping  upon  it.  A 
shelter-tent  somewhat  similar  to  that  of  the  Grermans  is  used  in  the 
Spanish  Army.  Each  tent  is  required  to  serve  for  the  shelter  of  six 
men  and  has  a  length  of  11  feet  and  a  breadth  of  7  feet.  The  Japanese 
troops,  in  the  war  with  China,  carried  a  shelter-tent  of  water -proof 
cotton  3  feet  85  inches  by  4  feet  7  inches.  The  Russian  shelter-tent 
resembles  that  of  the  German  military  service. 

The  Austrian  Army  has  a  somewhat  different  shelter-tent,  weighing 
3|  pounds  per  man.  It  is  made  of  cotton  duck,  each  piece  being 
lozenge-shaped  and  having  a  length  on  the  side  of  6;^-  feet.  The  tent 
may  be  pitched  so  as  to  accommodate  a  large  number  of  men,  but 
usually  only  two  men  combine  their  canvas.  Each  piece  of  cloth 
is  provided  with  an  aperture  at  one  obtuse  angle,  capable  of 
receiving  the  bayonet  and  protected  from  tearing  by  a  metal  rim. 
The  tent  may  thus  be  supported  by  the  use  of  the  rifle  as  a  central 
upright,  or  small  jointed  rods  may  be  employed  for  the  purpose.  When 
pitched,  the  tent  forms  a  pyramid  having  a  rectangular  base  6|  feet 
square  and  a  height  of  5  feet.  It  accommodates  two  men,  or  in  an 
emergency  three,  and  gives  a  sheltered  area  of  13  square  feet.  The 
use  of  the  rifle  as  a  support  would  seem  to  be  highly  inadvisable  from 
a  military  standpoint.* 

The  water-proof  sheet. — It  is  essentially  necessary  that  all  troops, 
British  and  Natives,  on  field  service,  be  provided  with  water-proof 
sheets  of  canvas  or  other  material,  and  this  should  always  be  part  of 
their  equipment.  The  Japanese  considered  it  indispensable  in  the  late 
war.  They  converted  them  into  tents  when  necessary.  "  Without 
these  little  tents,  Kawamowia's  Army  would  not  have  reached  Mukden. 
They  accomplished  a  25  days'  march  in  an  almost  deserted  country  and 
with  a  Siberian  winter  temperature,  which  was  never  above  15"  of  frost. 
During  the  burning  days  of  the  battle  of  Liao-yang  the  reserves  shel- 
tered themselves  under  these  little  tents  supported  on  rifles."  In  our 
Native  regiments  many  now  use  one  or  other  modification  of  the  shelter 
tent  formed  from  their  water-proof  sheets  which  they  carry  regi- 
mentally. 

Bivouacs.  —With  the  vast  armies  that  will  take  the  field  in  these 
days,  it  is  highly  probable  that,  as  was  repeatedly  the  case  with  both  the 
Japanese  and  Russians,  the  force  will,  during  halts,  be  dispersed  some- 
what in  bivouacs  as  there  are  few  places  that  could  provide  billets  for 
such  large  forces. 

Sites  to  be  avoided  for  bivouac— Large  woods  with  undergrowth 
ard  iungle,  low  meadows  and  newly  turned  meadows  or  ploughed  fields 
should  be  avoided  if  possible.  Bivouacs  are  rarely  adopted  except  in 
proximity  with  the  enemy  and  when  a  condition  of  readiness  is  an 

*  Monson's  Military  Hygiene,  p.  355. 
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imperative  military  necessity.  Bivouacs  are  always  trying  to  the 
health,  but  are  often  indispensable  vfhen  concentration  and  readiness 
are  required. 

Many  experienced  military  medical  officers  consider  that  men  are 
better  in  health  in  the  open  during  the  ordinary  cold  weather  than  in 
tents.  It  is  perhaps  dififerent  when  men  have  to  bivouac  for  prolonged 
periods  in  inclement  weather— then  even  many  of  the  hardiest  run 
down  and  lose  stamina. 


PATIT  III. 


PERSONAL  HYGIENE. 

A. — The  Skin,  Feet,  etc. 

Meaning  of  personal  hygiene.— The  phrase  "  personal  hygiene  " 
has  a  wide  meaning,  and  refers  to  all  those  conditions  of  the  body  that 
can  in  any  way  affect  health.  Personal  cleanliness  refers  to  keeping 
the  skin  and  all  parts  of  the  body  clean,  including  the  nails,  mouth, 
teeth  and  throat.  It  is  convenient  in  this  section  to  consider  also  the 
immediate  surroundings  of  the  individual,  and  their  effect  on  his  well- 
being.  The  greatest  reforms  in  sanitary  matters  in  the  Indian  Army 
are  to  be  effected  by  the  attention  of  each  soldier  to  all  that  concerns  his 
personal  condition  and  the  state  of  his  surroundings.  If  he  recognises 
this  and  carries  it  out,  he  can  as  a  rule  promise  for  himself  freedom 
from  sickness.  We  shall  now  pass  on  to  consider  the  ways  in  which 
the  personal  condition  may  be  affected. 

To  enable  us  to  understand  the  manner  in  which  the  warmth  of  the 
body  is  kept  up  and  how  clothes  protect  from  changes  of  weather,  and 
the  use  of  washing  and  bathing,  it  is  necessary  to  know  something  about 
the  structure  of  the  skin. 

Structure  of  the  skin.— The  skin  is  composed  of  a  superficial  and  a  deep  layer. 
The  superficial  layer  is  called  the  cuticle,  epidermis,  or  scarf  skin,  &n6.  is  that  part 
whicli  is  raised  by  a  blister,  or  when  boiling  water  falls  on  it.  The  deep  layer, 
called  also  the  cutis  vera  or  true  skin,  is  made  np  of  nerves  and  blood-vessels  bound 
together  by  au  elastic  and  fibre-like  tissue  having  also  in  its  structure  involuntary 
muscular  fibres.  The  superficial  layer,  on  the  other  band,  is  bloodless,  nnd  when 
damaged  does  not  give  rise  to  pain,  nor  does  it  feel  heat  or  cold.  The  cuticle 
consists  of  many  layer.s  of  very  minute  flat  cells.  These  are  always  being  shed 
from  the  surface  in  the  form  of  scurf,  but  are  as  constantly  being  renewed  by 
the  true  skin  situated  beneath.  In  some  animals,  as  the  snake,  frog,  and  others, 
this  skin  is  thrown  ofi'  en  masse  periodically,  and  the  same  sometimes  occurs  in 
man  after  a  few  of  the  eruptive  fevers,  such  as  scarlet  fever.  The  microscope  shows 
that  the  cells  of  the  deep  layers  of  the  cuticle  are  round,  and  these  round  cells 
become  flattened  as  they  approach  the  surface.  The  scales  on  the  surface  are 
hard,  those  in  the  deeper  layers  soft.  There  are  millions  of  these  flattened  cells  in  a 
square  inch  of  skin 

Use  of  the  cuticle. — lu  all  those  parts  of  the  body  that  are  liable  to  friction 
and  injury,  such  as  the  palms  of  the  hand  and  soles  of  the  feet,  the  cuticle  is  thick. 
By  constant  use  the  cuticle  becomes  hard  and  horny.  People  who  have  always 
worn  boots  and  shoes  cannot  walk  on  rough  ground  bare-footed  without  discomfort, 
as  we  see  some  bazaar  children  do,  whose  feet  have  become  hardened.  The  black- 
smith handles  hot  iron  without  pain,  and  the  stone  mason  works  in  lime  without 
corrodiug  his  flesh,  because  of  the  thickened  cuticle  of  the  hands.  In  the  deeper 
lavers  of  the  cuticle  there  is  a  colouring  matter  consisting  of  small  dark  granules  ; 
the  number  of  granules  determines  the  varying  complexions  to  different  races. 
Between  the  true  skin  and  the  scarf  skin  is  a  layer  called  the  basement  membrane, 
which  is  a  delicate  gauze-like  structure  on  which  lies  the  layer  of  cells  containing 
the  colouring  matter.  Very  superficial  scratches  do  not  bleed  and  are  scarcely  felt. 
When  boiling  water  falls  on  the  skin,  the  scarf  skin  is  raised  by  the  flmd  which 
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accumulates  beueuth  it  aud  the  true  skiu.  Wheu  the  blister  bursts,  the  pink  surface 
seen  beneath  it  is  the  true  skiu  which  is  very  vascular  and  rery  sensitive.  Some 
people  are  easily  freckled  on  exposure  to  the  sua— this  arises  from  the  patches 
of  pigmeutatiou  in  the  deeper  layers  of  the  skiu  under  the  influence  of  sunlight. 

Sweat  glands.  — Beneath  the  true  skiu  are  situated  the  roots  of  the  hair  and 
two  sets  of  glands— one  which  secretes  the  sweat,  aud  the  other  which  secretes  au 
oily  substance  that  serves  to  keep  the  skiu  soft  aud  the  hair  from  becoming  too 
brittle.  The  sweat  glands,  also  called  sudor i/eroua  glands,  from  the  Latiu  word 
sudor,  sweat,  are  surrounded  at  their  deeper  parts  by  a  large  number  of  minute 
blood-vessels,  from  which  they  take  that  which  is  required  to  form  sweat.  Each 
gland  consists  of  a  minute  tube,  which  at  its  deeper  end  coils  up  and  forms  a  small 
spherical  body  called  the  ijlomeriihia,  and  from  this  passes  a  wavy  tube  (tlie  duct 
of  the  gland)  to  open  on  the  surface.  They  have  small  narrow  ducts  which  open 
on  the  surface  of  the  body  by  minute  orifices,  commonly  called  the  "  pores  of  the 
skin."  About  two-and-a-half  millions  of  these  little  pores  are  found  on  the  skin 
of  the  body.  Sweat  is  always  being  secreted.  Sometimes  it  is  formed  so  rapidly 
that  it  may  be  seen  to  ooze  from  the  skin,  but  wheu  we  are  cool  aud  the  amount 
of  perspiration  formed  is  small,  we  do  not  notice  it,  for  it  soaks  into  the  horny 
layer  of  the  skin  and  keeps  it  moist.  This  latter  is  called  the  imenaihle  perspiration  ; 
it  is  constantly  being  evaporated  from  the  surface  of  the  body. 

As  the  sweat  glands  are  constantly  at  work  and  driving  waste 
materials  from  the  blood,  it  is  very  essential  that  we  should  keep  their 
openings  free  by  cleanliness  of  the  skin.  If  the  '  pores  '  are  choked 
up  with  dirt  the  functions  of  the  skin  are  partly  lost,  ill-health  will 
result,  and  various  diseases,  besides  those  of  the  skin,  may  arise. 

Sweat. — Sweat  itself  consists  of  a  transparent  colourless  fluid 
holding  in  solution  certain  fats  and  volatile  fatty  acids,  urea,  free  lactic 
acid,  salt,  chloride  of  potassium  and  other  bodies. 

Sebaceous  glands.— The  second  set  of  little  glands  in  the  skin  are  called 
sebaceous  glands,  because  they  secrete  an  oily  or  greasy  substauce  called  sebum 
lUese  glands  usually  open  near  the  root  of  a  hair.  The  fatty  material  they  form  is 
conveyed  to  the  root  of  the  hair,  and  along  it  to  the  surface  of  the  body.  On  the 
surface  it  tends  to  decompo,se,  giving  rise  to  an  offensive  odour,  and  forming 
compounds  in  the  shape  of  fatty  acids  which,  if  not  washed  off,  irritate  the  skiu 
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Functions  of  the  skin.— The  skin  is  one  of  the  most  important 
organs  of  the  body.    One  of  its  special  functions  is  that  of  excretion* — 
it  gets  rid  of  a  certain  amount  of  poisonous  material  from  the  blood  ;  this 
is  effected  by  the  sweat  glands.    The  skin  of  an  adult  throws  off 
about  20  ounces  of  water  daily,  but  this  quantity  varies  with  the  season 
of  the  year,  nature  of  the  climate,  occupation,  etc.    In  the  hot  weather 
and  during  severe  exercise,  for  instance,  this  quantity  may  be  lost  by 
the  skin  in  an  hour.    But  sweat  is  not  all  water.    It  contains  solid 
poisonous  waste  matters,  which,  if  not  washed  off  from  time  to  time, 
decay  on  the  surface  of  the  body.    The  skin  further,  by  a  complicated 
mechanism,  serves  to  regulate"  the    temperature  of  the  body.  It 
forms  a  sensitive  covering  for  the  whole  body,  protecting  the  deeper 
parts  from  injury.    It  also  plays  the  part  of  a  sensient  surface  for 
the  reception  of  sensory  impressions.    The  skin  is  capable  of  absorbing 
certain  bodies  from  the  surface ;  the  lead  poisoning  which  occasionally 
occurs  in  house  painters  and  printers  is  due  to  this.    The  ship-wrecked 
sailor  in  a  boat  in  the  open  sea  soaks  his  clothes  in  the  sea  and  puts 
them  on  to  assuage  his  thirst.    Small  abrasions  on  the  surface  permit 
of  various  bacteria  gaining  access  to  the  system,  and  this  is  one 
of  the  ways  in  which  certain  infectious  diseases  and  blood  poisonings 
are  produced. 

The  skin  as  a  regulator  of  temperature.— Heat  is  lost  from  the 
body  by  being  given  off  to  the  air  by  convection,  conduction  and 
radiation,  provided  that  the  temperature  of  the  surrounding  air  is  lower 
than  that  of  the  body.    Radiation,  however,  is  not  an  important  source 
of  loss  of  heat  except  in  the  cold  weather,  as  it  takes  place  very  slowly 
and  is  comparatively  small  in  amount.   If  the  skin  were  covered  by  an 
impermeable  varnish,  loss  by  radiation  would  take  place  very  rapid  y, 
and  animals  so  treated  die  from  loss  of  heat.    Heat  is  used  up  by  .be 
evaporation  of  the  sweat,  and  this  is  an  important  point.    A  large 
amount  of  heat  is  required  for  the  conversion  of  water  to  the  gaseous 
state,  and  as  the  air  surrounding  the  body  is  a  bad  conductor,  most  ot 
this  heat  must  be  supplied  by  the  warm  surface  of  the  body  itseit.  as 
there  is  a  close  network  of  capillary  blood-vessels  lying  immediately 
below  the  surface  of  the  skin,  the  blood  in  these  becomes  cooled,  and 
this,  on  its  return  to  the  heart  and  lungs,  causes  a  general  lowering 
of  temperature  throughout  the  body.    The  whole  of  this  mechanism  o 
heat  regulation  is  under  the  control  of  the  nervous  system  which  acts  (1 
upon  the  blood-vessels  and  (2)  upon  the  sweat  glands.    Under  normal 
conditions  the  two  sets  of  nerves  going  to  these  structures  y^r^  t°geth^ 
but  they  may  act  independently ;  in  some  cases  of  fever  this  takes  place, 
afwhen  we  have  a  flushed  face  with  a  very  hot  dry  skin,  or      col  apse 
when  we  have  a  bloodless  skin  with  profuse  perspiration.    The  heat  ol 
the  body  is  practically  always  the  same,  summer  and  winter.  Ihe 
internal  temperature  of  th^jlassjlower  and  the  engine-stojcei.  who 

—ir^yr^^.r^^^^^ro  gathering  »1'  ^^^P.^^^^^^^ 
substances  from  the  blood,  and  throwing  them  off  from  the  system. 
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work  before  furnaces,  is  not  higher  than  that  of  other  people,  because 
the  heat  regulating  mechanism  of  the  body  enables  them  to  throw  off  the 
heat  by  perspiration  and  evaporation  from  the  surface.  Charbert,  "The 
Fire  King,"  used  to  go  into  a  hot  air  room  in  which  the  temperature 
was  400"  F.  and  remain  there  for  several  minutes,  yet  his  temperature 
did  not  rise  beyond  normal.  The  tissue  of  the  body,  especially  the 
muscles,  liver  and  brain,  are  always  producing  heat,  because  in  them 
there  is  constantly  in  operation  a  slow  burning  or  oxidation.  Man  is 
able  to  live  in  all  climates  because  his  blood  always  keeps  at  about  the 
same  temperature  ;  the  Esquimaux,  who  lives  in  the  ice  and  snow 
of  the  North  Polar  regions,  is  as  warm  as  the  African  living  under  a 
scorching  tropical  sun. 

The  skin  of  Europeans  in  India,  is  particularly  sensitive  to  changes 
of  temperature,  and  this  accounts  for  the  great  susceptibility  to  chills. 
The  skin  is  supplied  with  a  large  quantity  of  blood,  and  in  India  there  is 
greater  amount  of  perspiration  and  more  evaporation  from  the  surface; 
Any  abrupt  stopping  of  perspiration  or  evaporation  is  liable  to  be 
followed  by  derangement  of  the  bowels,  liver,  or  other  internal  organs. 
Chills  are  responsible,  for  many  of  the  conditions  of  ill-health  occurring 
in  India.  It  is  necessary  to  clothe  ourselves  so  as  to  keep  the  surface 
of  the  body  at  a  uniform  temperature. 

The  hair. —Hair  is  an  appendage  of  the  skin  which  correspond 
to  the  fur  and  wool  of  mammalia,  and  the  feathers  of  birds.    Each  hair 
consists  of  a  body  or  shaft,  and  a  root  or  bulb,  which  is  inserted  into 
the  tissue  of  the  skin,  in  what  is  known  as  the  hair  follicle.    The  shaft 
is  divided  into  an  external  or  cortical  portion,  and  an  internal  or 
medullary  portion.    The  cortical  portion  consists  of  condensed  cells 
arranged  so  as  to  present  a  fibrous  appearance,  and  is  surrounded  on 
the  outside  by  a  layer  of  minute  epithelial  scales  which  give  certain 
characteristic  markings.    The  medullary  part  consists  of  an  irregular 
row  oi  cells  occupying  the  centre  of  the  hair.    The  main  substance  of 
the  shatts  consists  of  pigmented  cells  which  gives  the  colour  to  the 
hair— the  grey  hair  of  old  age  is  due  to  the  absence  of  the  pigment 
1  he  root  of  the  hair  is  enlarged  at  its  extremity  into  a  knob  into 
which  projects  a  vascular  little  mass  (pajnUa)  from  the  true  skin  A 
small  blood-vessel  enters  the  bulb  of  the  root  of  each  hair  and  supplies 
It  with  nutrition.    The  hair  follicle  consists  of  two  parts,  one  external 
continuous  with  the  epidermis,  called  the  root-sheath,  and  the  othe^ 
internal,  continuous  with  the  tme  skin.  A  small  bundle  of  involuntary 
muscular  fibres  is  attached  to  each  hair  follicle.    When  this  bundle 
contracts,  as  it  does  under  the  influence  of  cold,  or  during  the  shiverina 
stage  ot  ague,  the  hair  is  erected  and  the  whole  skin  is  roughened 
{  goose  skin  ).    It  is  the  presence  of  these  small  muscles  attached  to  the 
hair  that  causes  the  hair  of  a  dog  or  cat  to  stand  up  when  it  is  anc^rv. 
itie  root  of  the  hair  is  also  supplied  with  nerves.     The  hair  of  Uie 
head  is  naturally  lubricated  with  an  oily  substance  secreted  by  the 
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sebaceous  glands  ;  this  natural  oil  keeps  the  hair  soft  and  smooth, 
and  removes  the  necessity  of  using  artificial  hair  washes,  hair  oils, 
or  other  greasy  messes  for  the  hair. 

The  hair  protects  the  head  from  heat  and  cold,  and  helps  to  shield 
the  head  and  other  parts  it  covers  froni  injury.  It  is  found  in  almost 
all  parts  of  the  body,  except  the  palms  of  the  hands  and  soles  of  the  feet. 

The  soldier's  hair  should  always  be  kept  short,  washed  regularly, 
and  combed  and  brushed  twice  a  day.  If  this  is  not  done  the  secretion 
of  the  sebaceous  glands  get  clogged  on  the  surface  of  the  scalp  and 
collects  dust,  dirt  and  germs  of  various  kinds,  which  may  set  up  much 
irritation  or  cause  skin  diseases.  The  hair  brush  should  also  be 
washed  in  a  basin  of  cold  water  with  a  teaspoonful  of  washing  soda.  It 
is  dried  by  shaking  and  swinging  it  round  and  then  putting  it  out  in 
the  sun.    This  should  be  done  every  fortnight. 

TViP  Tiail«? —The  nails  are  modificatious  of  the  skin,  the  hard  part  consisting 
entirely  of  thickenings  of  the  cuticle.  Every  nail  lies  in  a  depression  ca l  ed  the 
S  of  L  nail  the  posterior  part  of  which  is  overlapped  by  epidermis  and  ?alled  the 
TooieVf  Z  na  l  The  dermis  beneath  is  beset  with  longitudinal  ndges  instead  of 
mS-  these  are  highly  vascular,  but  the  curved  part  of  tlie  naMlunula)  is  less 
Sulan  The  n^ils  serve  the  purpose  of  protecting  the  tips  of  the  fingers  and  toes  ; 
they  are  free  from  pigment. 

When  dirt  collects  beneath  the  finger  nails  it  should  be  removed  ; 
this  removal  is  best  carried  out  by  a  nail  brush,  soap,  and  water,  assisted 
by  a  nail  scissors,  or  penknife.  Dirt  under  the  nails  is  a  favourite  place 
for  microbes  to  breed  in.  The  finger  nails  should  be  cut  short  and 
trimmed.    The  toe  nails  should  be  cut  nearly  square. 

The  hands  should  be  kept  clean-whitlows,  boils  and  various 
eruptions  occurring  on  the  hands  are  usually  the  result  of  dirt  attack- 
in  ?the  deeper  parts  of  the  skin,  nails,  etc.;  dirty  hands  may  also 
infect  the  food.^  It  is  necessary  for  health  that  we  should  sit  at  our 
meals  with  clean  hands 

rnrp  of  the  feet.— The  feet  require  special  attention  ;  they  perspire 
freelv  and  become  offensive  if  not  frequently  washed  with  hot  water  and 
soap  'and  the  socks  changed  daily.  The  sweat  of  the  feet  dries  up  on 
the  surface,  undergoes  fermentation,  irritates,  causes  local  eruptions  of 
diL^t  kiids,  or  general  soreness.  The  feet  should  whenever  possible 
«  ter  a  ma  ch  be  thoroughly  washed  with  soap  and  water,  and  a  clean 
t  of  socks  worn.  If  this  cannot  be  done,  the  feet  can  at  least  be 
P  f  with  a  wet  towel.  Wearing  the  socks  turned  inside  out  is  better 
2  alTowing  the  flet  to  soak  fn  the  putrefying  sweat.  The  socks 
should  be  washed  frequently. 

The  number  of  men  that  fall  out  from  sore  feet  during  the  first 
.eeu'orCg^a.eh  vanes  00^^ 

ron«Thte.er:^'ur;lTlo.g  o,  .i,es  has 

to  be  undertaken,  this  number  is  increased. 
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It  has  been  stated  that  our  Army  suffers  more  from  inefficiency 
due  to  sore  feet  than  any  European  Army.  One  is  unable  to  say  how 
far  this  is  true,  but  it  is  certain  that  the  regulations  regarding  the  care 
of  the  feet  and  state  of  the  boots  are  more  explicit,  and  the  discipline 
on  these  points  more  severe,  in  the  German  and  French  armies,  than 
in  our  own.  "If  it  bean  uncontested  truth  that  the  efficiency  of 
strategic  formations  depends  upon  the  manner  in  which  they  are 
accomplished,  if  it  be  true  that  modern  warfare  entails  on  infantry  in- 
creasing marching  and  counter-marching,  if  it  be  true,  consequently, 
that  only  those  most  fitted  for  marching  are  the  armies  which  have  the 
best  chances  of  victory,  then  the  army  which  is  least  capable  of  march- 
ing and  which  drags  on  towards  the  enemy  with  half  its  ranks  filled 
with  men  with  torn  and  sore  feet,  is  already  condemned  beforehand  to 
defeat,  however  well  armed  it  be.  Rational  marching  are  the  alpha 
and  omega  of  the  infantry."  * 

Hygiene  of  the  feet. — The  hygiene  of  the  feet  may  be  referred 
to  under  two  headings— (1)  that  of  the  feet  and  (2)  that  of  the  boots. 
Regarding  the  hygiene  of  the  feet  it  is  unnecessary  to  state  that  the 
medical  recruiting  officer,  when  passing  recruits,  should  be  specially 
careful  that  no  man  with  defective  feet  is  posted  to  the  infantry. 
Recruits  should  from  the  outset  be  taught  how  to  look  after  their  feet, 
and  with  this  object  they  might  on  enlistment  be  provided  with  a 
printed  card  of  instructions  as  to  how  this  is  to  be  done. 

Chiropodists— one  per  company.— It  is  worth  considering  whether 
we  should  have  a  system  of  regimental  chiropodists -men  who  have 
been  instructed  as  to  the  best  method  of  cutting  corns  and  toe-nails 
and  who  are  made  familiar  by  teaching  with  all  the  smaller  affections 
of  the  soldier  s  feet  and  how  to  treat  them.  The  addition  of  a  chiropo- 
dist to  each  company  would  greatly  facilitate  this.  In  the  Native 
Army  the  ordinary  company  barbers  should  also  be  instructed  as  to 
how  to  deal  with  ordinary  sore  feet,  shoe-bites,  ingrown  toe-nails,  etc. 

The  company  chiropodist's  duties  should  be  defined  and'  every 
week  during  peace  times  he  should  inspect  the  men's  feet,  their  boots 
and  socks,  note  any  tendency  to  corns,  blisters,  surface  soreness,  ingrown 
toe-nails,  etc.  The  causes  of  the  special  conditions  should  be  expfained 
to  the  men,  together  with  the  way  to  prevent  them.  When  proceeding 
on  the  march  naen  might  be  given  one  of  the  numerous  preparations  for 
hardening  thejeet,  and  the  men  who  are  known  to  have  any  special 
tendency  to  blistering,  ingrown  toe-nails,  corns,  etc..  should,  when 
on  the  march  or  on  manoeuvres,  see  the  chiropodist  daily  until  the 
tendency  disappears.  Under  such  circumstances  men  can  have  no 
excuse  tor  taUing  out  from  "  sore  feet." 

Various  lesions  may  arise  from  long  drills,  such  as  cedema  or 
swe  ling  ot  the  feet,  inflammation  of  the  toes  and  covering  of  the  bones 
of  the  feet  following  on  fatigue,  etc. 

*  Dh.  KLEPBEKG^;;;^^^il^e  Jourmlo/  the  Royc^l  Army  Medkal  Corps,  June  190G." 
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In  the  Native  Array  company  or  squadron  barbers  are  moderately 
skilful  in  dealing  with  corns  and  cutting  toe-nails,  and  a  few  lessons  by 
the  regimental  medical  officer  would  considerably  enhance  the  value 
of  the  barber's  work. 

Kleb'BERG  says  :    "  A  hospital  orderly  specially  trained  in  diseases 
of  the  feet  should  be  permanently  appointed  for  this  exclusive  duty 
with  each  company  ;  surprise  inspections  should  be  made  frequently, 
when  both  the  feet  and  boots  should  be  carefully  examined,  and  any 
neglect  treated  as  a  military  crime  ;  only  regulation  boots  and  socks 
should  be  allowed  to  be  worn  ;  and  these  are  to  be  made  on  natural 
models.    To  effect  a  quick  distribution  of  easy  fitting  boots  on  mo- 
bilisation, each  man's  small  book  should  note  the  length,  width,  and 
circumference  of  such  boots ;  these  measurements  should  be  legibly 
marked  on  the  side  of  the  boots  in  store  for  mobilisation  purposes. 
Patients  suffering  from  inflammation  of  the  toe  joints,  or  from  periosti- 
tis (inflammation  of  the  covering  of  the  bones)  should  be  put  to  bed  ; 
a  soldier  who  by  reason  of  this  condition  of  his  fe?t  is  unfit  for  infantry 
should,  instead  of  being  permanently  invalided,  bs  posted  to  some  other 
branch  of  the  service."    The  recruit  should  have  feet  in  every  way  free 
from  defect  and  deformity,  and  if  properly  looked  after,  they  should 
improve  and  be  better  fitted  for  marching  year  by  year. 

There  is  no  system  of  regimental  or  company  chiropodist  in  the 
German  Army,  so  that  efficient  results  have  to  be  attained  solely  by 
individual  effort  on  the  part  of  the  soldier,  taking  full  advantage  of  the 
regimental  and  company  boot-makers,  constant  supervision  of  the  leet 
by  company  officers  and  medical  officers,  and  deterrent  punishment 
in  case  of  neglect.  * 

Inculcation  of  habits  of  cleanliness.-It  is  necessary  to  reiterate 
the  necessity  of  cleanHness  of  body  and  clothing  by  regular  bathing 
and  washing  of  clothes.    From  the  date  of  his  enlistment  the  necessity 
of  nersonal  cleanliness  should  be  inculcated  into  the  recrmt,  until  the 
rPfrular  habit  of  being  clean  in  his  person  and  clothes  becomes  mecha- 
nical    The  facilities  for  these  operations  on  field  service  are  often 
imited    especially   when  water  is  scanty  and  at  a  distance  Yet 
medical  officers  with  corps  should  insist  that  every  available  opportunity 
taken  advantage  of  for  bathing  and  washing  the  clothes,  especially 
clothes  worn  next  the  skin.    The  numerous  minor  ai  ments -eruptions 
?  ritat  ons  parasitic  cutaneous  maladies,  etc.,  arising  from  the  unwashed 
«drl  to  nefficiency.    The  bullets  of  the  enemy  when  we  have  clean 

Sin's  and  c  ott^  little  to  be  feared,  unless  they  injure  laiye  joints 
skins  and  clom  ^^^^  ^^^^^^  ^^^^  ^^^^^  j^^^,^ 

?V  mic?o  organisms  is  damaged.    Modern  surgery  can  do  much. 

it   iT  incj^^^^ 
_^^^^^^^-^rj^^^  ofthe  Royal  Ari^^edical 

Corps,  July  1908,  p.  78. 


tEksONAL  HYGIENE. 


35^ 


surrounded  by  and  imjiregnated  with  all  tlie  potentialities  of  septic 
infectiou.  We  insist  on  the  necessity  of  this  cleanliness  of  skin  and 
clothes  in  our  annual  course  of  liist  aids  to  the  injured,  and  we  point 
out  the  innocuousness  of  ordinary  bullet  wounds  and  sword  cuts  in  tlie 
presence  of  our  first  field  dressing,  provided  that  no  septic  germs  are 
introduced  through  the  skin  and  clothes  and  no  vital  parts  damaged. 

Care  of  the  teeth. — Tlie  Native  soldier  does  not  as  a  rule  need  to 
be  warned  about  the  necessity  for  keeping  his  teeth  clean  ;  but  in 
certain  conditions  of  the  gums  and  mouth  (referred  specially  to  later  on} 
in  which  the  necessity  for  cleanliness  is  urgent,  he  is  liable  to  neglect 
doing  so.  The  necessity  of  keeping  the  teeth  and  mouth  clean  should 
be  insisted  on  with  our  European  troops.  The  teeth  should  be  cleaned 
every  morning  and  night  with  a  toothbrush  (or  its  substitute  in  the 
Native  Army)  and  some  carbolic  or  other  tooth-powder  used  If  the  teeth 
can  only  be  brushed  once  a  day,  the  best  time  to  do  so  is  just  before 
going  to  bed.  'I  his  brushes  away  all  the  food  particles  that  lodge 
between  the  teeth  and  in  the  mouth.  This  together  with  rinsing  out 
the  mouth  twice  a  day  is  one  of  the  safeguards  against  dental  caries 
The  teeth  should  be  brushed  with  sterilised  water. 

.  Foul  mouths  and  bad  teeth  add  considerably  to  the  impurities  of 
the  air  of  barrack-rooms  and  tents.  The  mouth  is  naturally  inhabited 
by  germs,  and  is  really  difficult  to  keep  perfectly  clean,  but  efforts  to 
do  so  should  be  made  twice  a  day.  This  helps  to  keep  the  mouth 
sweet,  the  teeth  free  from  decay,  and  gets  rid  of  many  of  the  disease 
germs  that  are  such  constant  inhabitants  of  the  mouth. 

Whenever  any  decay  of  the  teeth  is  observed  or  toothache  occurs 
the  victim  should  report  sick  so  as  to  have  the  teeth  attended  to' 
The  factor  of  decayed  teeth  as  a  rule  only  tells  on  men  during  a 
moderately  long  campaign.    Serious  attention  does  not  seem  to  have 
been  drawn  to  this  condition  until    the  South    African  Campaign 
which,  because  of  its  length,  affected   men  with  bad  teeth  The 
Indian  Government,  at  considerable  cost  and  much  liberality  deter- 
mined to  improve  the  condition  of  our  soldiers' teeth,  and  permit- 
ted  all  men  m  need  of  artificial  dentures  to  be  provided  with  them 
For  various  reasons  the  benefit  derived  does  not  appear  to  be  in  any 

uZ  'i         "^t  ^''^^^       be'^n^  doubt  that  th^ 

In?       ^"^\^«"«^d«^-^tion  shown  to  men  suffering  from  defective  and 
decayed  teeth  has  been  in  many  instances  abused. 

SarWtary  regulations  and  the  laws  of  personal  hygiene  cannot  be 
'X  whoTe  '  "^r'^^  T^'''  '^''y  -^-tbeinculcated^in  peacetimes' 

the td^vidnr^Jr  ;°"r      T  ""^^  ^^^^^"^^^  "Iti^^-^e  issue,  on 

the  individua  effort  of  each  person  in  that  army."    Our  men  should  be 

onfe  tedw'i;   H^'r^'r  -nitary  oir 

connected  with  the  barracks  and  camp,  and  all  instructions  given  them 
regarding  personal  hygiene.    In  Febniary  1904  in  the  Japanese  A rm^ 
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a  pamphlet  entitled  Precautions  on  Individual  Sanitation  was 
published  and  universally  distributed  amougst  the  rank  and  file, 
medical  officers  gave  lectures  on  the  subject  of  individual  sanitation 
at  the  front  once  or  twice  a  month.  Many  of  the  things  recommended 
in  the  pamphlet  were  found  to  be  useless  in  Manchuria  and  Korea.  In 
May  1905,  another  pamphlet  called  Precautions  against  Cholera  and 
Plague  was  similarly  distributed.  One  of  the  articles  issued  to  troops 
was  a  creasote  pill — its  use,  once  or  twice  a  day  was  compulsory  in  all 
ranks,  and  their  medical  officers  attributed  the  comparatively  small 
numbers  of  enteric  fever  and  dysentery  cases  to  their  use.  Nearly 
4,000, OUO  of  these  pills  were  made  and  used. 

Personal  hygiene  should  form  part  of  the  daily  life  of  the  soldier, 
and  he  should  take  a  pride  in  avoiding  all  conditions  and  habits  likely 
to  cause  sickness,  and  in  adopting  all  possible  means  of  preventing 
disease  of  any  sort. 


B. — Bathing. 


We  have  seen  that  the  normal  secretions  of  the  skin  tend  to  accu- 
mulate on  its  surface  and  make  us  dirty  ;  but  the  skin  may  be  soiled 
in  other  ways— by  the  dust  of  the  air  and  by  coming  into  contact  with 
such  impurities  as  we  may  work  in.  All  these  have  to  be  removed ;  if 
they  are  not,  the  functions  of  the  skin  are  imperfectly  performed  and 
its  work  has  then  to  be  carried  out  by  other  organs.  If  the  blood- 
vessels in  the  true  skin  are  contracted  by  cold,  they  cease  to  supply  the 
fluid  and  other  bodies  that  go  to  form  sweat.  If  the  waste  matters  that 
are  usually  removed  by  the  sweat  are  locked  up  in  the  body,  we  are 
rendered  liable  to  various  forms  of  disease.  The  pores  of  the  skin,  when 
in  action,  help  to  remove  certain  impurities  from  the  surface  which 
have  been  thrown  off  froxTi  the  blood.  The  skin,  in  many  diseases,  is 
the  main  channel  for  getting  rid  of  the  disease  poison. 

Necessity  for  bathing.— All  these  facts  point  to  the  necessity  of 
bathing  from  head  to  foot  at  least  once  a  day  ivhenever  this  ts  possible. 
The  whole  of  the  wonderful  functions  of  the  skin  may  be  deranged, 
interfered  with,  or  even  suspended,  through  neglect  of  frequent  ablution  ; 
inattention  to  this  hygienic  requirement  seldom  failing  to  produce 
disease. 

Time  for  bathing.— The  proper  time  for  bathing  is  just  after 
rising  in  the  morning.  At  that  time  the  body  is  warm  and  can  tolerate 
cold  water  better  than  at  any  other  period  of  the  day.  After  the  night  a 
rest,  the  body  needs  bracing,  and  the  nerves,  rendered  sluggish  by  the 
night's  repose,  require  gentle  stimulation. 

Ti.ir  i%o+Viintr  iTi  pnid 'Btfater.  — Tlie  sYstem,  when  in  health,  is  strong 

^^n°Josfst  ute  milVs^iock  mmS  by  moderately  cold  water.    The  cold  bath 

L"ufmoV.  ng\.etshes  a^'o'se^  4  "^r^T     h^"  ['^""^^  iV'foul'ed'bfa 

The  firTt  effect  of  the  cold  water  is  a  slight  shock  which  is  rapidly  followed  by  a 
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pleasaut  general  glow  of  warmth,  and  a  feeling  of  increased  vigour.  It  lielpa  the 
oxidising  process,  and  hastens  the  functions  of  the  internal  organs.  But  a  cold 
bath  is  not  safe  for  all  persons.  Delicate  people,  those  who  are  recovering  from 
sickness,  those  subject  to  chills,  ague,  or  fevers  of  any  description,  to  di.arrhoea 
and  dysentery,  and  other  internal  complaints,  should  avoid  the  cold  bath.  After  a 
cold  bath  there  should  be  a  speedy  reaction.  The  cause  of  this  reaction  is  that  when 
the  surface  of  the  body  is  cooled  by  cold  water,  the  blood,  driven  into  the  heart  and 
other  vital  organs,  excites  them  to  more  vigorous  action,  and  being  tlirown  back  to 
the  surf.ace  it  reddens  and  warms  the  skin  ;  it  is  to  this  pleasant  and  invigoratincr 
influence  that  the  good  effects  of  the  cold  bath  are  due.  On  the  other  hand,  if  the 
skin  be  heated,  as  it  is  in  the  hot  bath,  the  blood  comes  to  the  surface  in  abundance 
less  goes  to  the  heart,  and  other  internal  organs  ;  the  blood-flow  is  lessened  and 
langour  ensues.  A  dash  of  cold  water  is  refreshing  at  the  close  of  the  warm  bath 
to  counteract  these  effects.  If  a  cold  bath  is  succeeded  by  a  continuous  chillness 
aud  depression,  it  indicates  that  either  proper  means  were  not  taken  to  bring  on  this 
reaction,  or  that  the  circulation  is  not  strong  enough  to  stand  it  ;  under  these 
circumstances,  the  cold  bath  should  not  be  indulged  in. 

After  a  cold  bath,  before  dressing,  the  whole  body  should  be 
thoroughly  rubbed  with  a  coarse  dry  towel  or  other  cloth.  Tlie 
establishment  of  the  reaction  is  an  essential  part  of  the  cold  bath— with- 
out such  reaction  the  cold  bath  is  always  harmful ;  with  this  reaction 
the  cold  bath  is  invigorating  and  health-giving.    This  will  soon  be 
followed  by  a  pleasant  glow.    A  cold  bath  should  not  be  taken  for  at 
least  an  hour  before  and  two  hours  after  a  meal,  otherwise  it  would 
interfere  with  digestion.    A  cold  bath  should  never  be  taken  when  the 
body  IS  fatigued  by  exercise  or  heated ;  a  warm  bath  or  a  thorough  rub- 
bing down  is  then  safer  and  more  refreshing.    A  cold  bath  should  never 
last  longer  than  five  minutes,  and  usually  two  or  three  minutes  will  be 
suftcient.    Elderly  people  benefit  more  by  the  tepid  than  by  the  cold 
bath.    We  should  leave  the  water  immediately  there  is  the  slightest 
feeling  of  chilliness.    Those  who  are  subject  to  giddiness,  faintness, 
palpitation  or  cramps,  should  be  cautious  in  indulging  in  cold  baths! 
ihose  who  have  suffered  from  malaria,  congestion  of  the  liver,  diarrhoea 
dysentery  or  are  inclined  to  be  stout,  and  those  of  advancing  years' 
should  bathe  in  warm  water..  ^  J""^^". 

r  is  complete  without  a  thorough  rubbing  down  of  all  parts 

of  the  body  subsequently  ;  this  has  a  decided  effect  in  improving  the 
circulation  of  the  blood.  ^  ^ 

i.in.H!f^^'*.'^^°/'^''''^!°^P-~'^^''^«^°"^d  be  used  frequently  It 
li,  indispensable  for  any  bath  taken  for  purpj.ses  of  cleanliness  Sr.m! 

tTe  spare  a  ka  i  o^'  w         ""  'T  '^"^^^^     "^'^''^'^  °»       body  . 

which  is  then  '     r^'"'"        ^T''  ^i*^^^  the  fat  of  the  surface 

many  par    of  ;ndfa"'"rH'  ^"^^  ^'""^  ^^'^  ^''^  -^^^e  in 

duy  parts  ot  India  and  there  is  little  excuse  for  not  using  them. 
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Frequent  ablution  or  immersion  of  the  body  in  water  is  one  of  the 
best  ways  of  keeping  free  from  disease ;  indeed,  we  cannot  keep  in 
perfect  health  if  we  neglect  this,    A  frequent  change  of  clothing  helps 
to  maintain  the  body  in  a  clean  condition  ;  but  this  latter  can  only 
be  perfectly  effected  by  a  daily  bath.    The  scale-like  particles  from 
the  outer  layer  of  the  skin  are  constantly  falling  off  and  becoming 
entangled  in  our  clothes,  and  the  underclothes  wipe  off  some  of  the  skin 
dirt  which  remains  in  the  meshes  of  the  clothes  ;  we  should  therefore 
chaigeour  clothes  (particularly  our  underclothing)  frequently,  and 
they  should  be  thoroughly  washed  before  being  again  used.  Under 
ordinary  circumstances  it  is  well  to  wear  light  coloured  material  near 
the  skin  ;  we  can  then  see  when  it  is  dirty. 

In  the  hot  weather  owing  to  the  increased  activity  of  the  sweat 
glands  a  daily  bath  is  required.  Bathing  by  immersion  is  not  always 
possible  on  account  of  the  scarcity  of  water  or  lack  of  facilities.  Ihe 
shower  bath  has  a  great  deal  to  recommend  it  in  c^antonments 
Kerosine  oil  tins  may  be  perforated  and  placed  on  a  shelf  arranged  6 
or  8  feet  from  the  floor  and  the  bather  may  stand  upon  a  wooden  or 
bamboo  rack  raised  a  few  inches  off  the  ground.  Such  a  shower  bath 
may  be  easily  improvised. 

When  water  for  a  full  bath  is  not  available,  the  use  of  a  wet  towel 
thoroughly  rubbed  over  the  skin  including  the  armpits  fork,  feet 
and  tofs  should  at  least  be  adopted.  It  is  specially  necessary  o  keep  the 
areas  between  the  thighs  and  buttocks  clean  and  the  hands  and 
naUs  clean  Cavalry  and  mounted  men  generally  should  wash  the 
buttock  and  fork,  a'nd  always  have  a  supply  of  boric  acid  powder  to 
apply  when  any  redness  from  rubbing  arises. 

The  water  used  for  baths  should  be  clean.  Whenever  the  source 
of  the  warei  !  not  reliable,  the  water  should  be  boiled  and  allowed  to 
ll  down  to  the  required  temperature.  This  destroys  all  germs  and 
^araSls  that  may  attack  or  even  penetrate  the  skm  (embrycBS  of  hook- 
worms,  skin  disease  germs,  etc.).  ,  r,-  i, 

Ml  swimming  baths  should  be  provided  with  a  shower  bath  which 

'"""Theraods  should  invariably  be  washed  ^/"^^ 
should  be  repeatedly  cleaned        trunmed^  .^^''^Xi "  Le  tst  cut 
are  a  common  source  of  .nfect.on.    1'  ^  '""S*'^      ji^^„t,  as 
semi-circular  and  the  toe-na>l  square   ,^  "Ln"   "uch  as  eczema,  etc., 
boils,  whitlows,  inflamed  sk,„,  various  e urptions  ^j^. 

young  soldiers  {K.  R-,  lv)08,  §  112). 


PERSONAL  HYGIENE. 


S63 


C. — Clothing. 

Hygienic  Considerations. 

The  chief  points  in  connection  with  the  clothing  of  the  soldier 
are — that  it  should  be  a  non-conductor  of  heat,  capable  of  absorbing 
moisture,  permeable  to  air  and  water,  and  tliat  it  is  durable. 

Objects  served  by  clothing-.— The  main  objects  of  clothing  are  to 
cover  the  body  and  to  protect  from  external  influences ;  these  influences 
are  chiefly  cold,  heat,  and  damp.    Clothes  serve  to  prevent  the  heat 
of  the  body  being  lost  too  rapidly,  to  maintain  a  uniform  or  equable 
temperature  on  all  parts  of  the  surface  of  the  body,  to  prevent  the  action 
of  ^  the  sun  on  the  skin  and  body,  save  the  surface  of  the  body  from 
injnry  and  keep  out  rain.    Our  clothes  should  also  be  able  to  protect 
us  from  the  attacks  of  mosquitoes.    Many  of  the  diseases  from  which 
we  suffer  are  due  to  changes  of  weather  and  imprudence  regarding 
our  clothing  during  these  changes.    Cotton  clothes,  for  instance,  would 
be  altogether  inadequate  in  the  cold  weather,  and  would  lead  to  chills 
colds,  coughs,  fever,  diarrhoea,  etc.    The  nature  of  the  clothing  we' 
wear  ought  to  vary  with  these  external  influences— that  is,  with  the 
weather.    The  changes  of  weather  are  extreme  in  many  parts  of  our 
Indian  Frontiers,  and  these  changes  should  cause  us  to  wear  suitable 
clothes  to  meet  these  variations.    The  only  exception  to  this  rule  is 
the  use  of  woollen  or  flannel  clothing ;  flannel  may  be  worn  with 
beneht  all  the  year  round,  it  is  a  good  protection  against  all  sudden 
meteorological  changes.   Suitable  clothing  in  winter  serves  to  maintain 
the  warmth  of  the  body  and  to  exclude  the  external  cold.    In  summer 
on  the  other  hand,  suitable  clothes  serve  to  keep  us  cool ;  they  should 
not  absorb  the  rays  of  the  sun,  and  should  permit  of  the  radiation  of 
the  heat  of  the  body.    The  clothing  should  be  capable  of  absorbing 
perspiration.    We  can  readily  apply  these  essential  conditions  to  the 
different  kinds  of  wearing  apparel 

of  rad.atiou^nd  coXtL  of  heat  film  thl   o  i"l  '°  Wocms^^ 

one  of  its  functions  is  to  prevent  thTcK.v  H^n f  ^  "'^'^  """"^  g^^i\n^\,  ami  so 
of  atmospheric  temperature    Kiedi  rnT  arise  from  a  sud.]eu  change 

India  is  frequently  30  or  even  J  F  ilTt'^''''*'"''  f  atmospheric  temperature  in 
such  changes  m«w  be  associated  wiH,  Ti.  P'"''"*^  ^^""^  ^^''^'''^  "I'^t 
passing  direct^  to  thrS    nrThVn,  ^Iso  prevent  the  great  outside  heat 

nerves  of  the  sldn  from  the  effeotl  J^^       i""^'"',  the  blood  vessels  and 

out  its  important  fXtioL  A  carrying 
moving  air  of  thrsame  tJZLt^r.  ^™  •  ^'^  ^^^Is  warmer  to  our  skin  than  a 
of  air  comes  in  SaS  S  fh!.'  P^'''^"^^^^  'h.  latter  case  a  large  quantity 
evaporation.  ^'""^  ^"^  removes  more  heat   by  increasing 

is  con'd\ct:5^??c;S1h':Tu5Src:'of'\r'l!  ^r^'ir  ''''  '^'^''''l  ^''^^  ^eat 
radiation  of  heat  will  varv  much  wi^h^^^^  The  amou.ts  of  conduction  and 

vMu  vary  much  with  the  nature  of  the  material  and  its  colour 
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The  extremes  of  conductivity  are  represented  in  linen  and  fur.  If  linen=:100, 
tlien  wool=:60.  Hence  woollen  material  is  a  worse  conductor  than  either  linen. 
Radiation  is  more  rapid  from  linen  than  flannel . 

Excess  of  clothing. —It  is  quite  as  great  an  error  to  be  overbur- 
deoed  with  clothes  as  to  be  too  lightly  clad.  An  exces.s  of  clothes 
renders  us  more  liable  to  chills  when  we  expose  ourselves.  Further, 
too  much  clothing  impedes  the  freedom  of  action  of  the  limbs.  We 
should  never  wear  tight  clothes  round  the  chest  and  neck.  The  head- 
dress should  be  light,  and  yet  suGficient  to  protect  us  from  the  heat 
of  the  sun.  The  clothes  worn  during  the  day  should,  if  possible,  not  be 
worn  at  night  in  bed.  The  clothes  we  have  been  wearing  usually 
require  to  be  aired,  sunned,  and  dried,  before  wearing  them  again. 

Changes  of  clothing. — In  certain  parts  of  our  Indian  Frontiers  at 
particular  seasons  it  is  cold  at  night  and  warm  during  the  day.  In 
such  places,  the  same  clothes  are  not  suitable  at  both  i^eriods.  If  we 
chance  to  get  wet  in  the  rain,  or  have  perspired  so  profusely  as  to 
moisten  our  clothes,  we  should  change  the  damp  clothes  for  dry  ones 
as  soon  as  possible.  If  this  cannot  be  managed,  we  should  keep  moving 
about  briskly  until  our  clothes  are  dry.  Sitting  down,  or  lying  in  wet 
clothes,  is  liable  to  bring  on  malarial  fevers  (under  certain  circum- 
stances), rheumatism,  diarrhea,  or  other  complaints.  If  we  reach  camp 
in  damp  clothes  after  a  long  march,  we  should  not  immediately  expose 
ourselves  to  cold  air  by  discarding  our  heavier  outer  garments.  We 
should  not  sleep  in  damp  sheets  or  damp  bedding  of  any  description, 
as  this  may  lead  to  one  of  many  serious  diseases. 

Tight  and  unsuitable  clothing.— No  part  of  our  dress  should  give 
rise  to  pressure  or  constriction  of  any  kind.    In  this  respect,  the  dress 
of  the  inhabitants  of  India  is  superior  to  that  of  Europeans  coming  to 
the  country     Tight  cravats  and  collars  constrict  the  neck,  and  prevent 
the  free  flow  of  blood  ;  they  may  also  give  rise  to  headache  giddiness, 
and  sometimes  even  to  fainting.    Neither  the  chest  nor  the  abdomen 
should  be  in  anyway  squeezed  by  constrictions  of  any  description. 
All  parts  of  the  surface  of  the  body,  except  the  head,  should  be  equally 
clad     Whatever  changes  occur  in  the  clothing  regulations    no  part 
fhat"is  covered  during  the  day  can  remain  uncovered  at  night,  except  at 
the  r  k  of  Jeirh .    All  the  dothing  of  the  soldier  should  fit  moderately 
bosely  so  as  to  allow  freedom  of  movement  in  every  part  of  the  body, 
otherwise  the  mechanical  work  done  in  marching,  etc.,  is  increased. 

Sufficiency  of  clothes. -After  severe  exercise  it  is  always  wise  to 
f  on  some  extra  clothing  at  once.     Never  change  the  clothing 
^hninWv  from  very  heavy  and  warm  garments  to  cool  ones,  unless  the 
abruptly  from  very        y  5       ^.^^^^g^ances,  the  clothes 

tonfd  be  sufficien  to  keep  L  comfortable,  neither  unpleasantly  warm 
fortoo  coolTin^^^  case  of  delicate,  feeble  and  convalescent  people, 
X  e  cii^ulation  is  weak,  this  precaution  is  specially  necessary. 
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Fabrics  of  clothes.— Clothes  are  usually  made  of  one  of  the  follow- 
ing fabrics  : — Linen,  cotton,  xvool  ami  silk. 

Linen. — Linen  is  soft  to  the  touch,  and  is  a  good  conductor  of 
heat,  hence  it  is  pleasant  for  summer  wear.  When  we  are  perspiring  it 
is  very  apt  to  chill  the  surface  too  rapidly,  hence  it  should  not  be  worn 
next  the  skin. 


•fiT^!?^'^.^-'  ^''iG-  57. -Cotton  fibres. 

(Magnified  340  diameters.)  (Magnified  340  diameters.) 


Fia.  58.-Silk  fibres.  Fia  59.-Linen  fibres. 

(  Magnified  340  diameters.)  (  Magnified  340  diam  aers.) 

Cotton.— Co«on  is  not  so  good  a  conductor  of  heat  as  linen,  nor 
does  it  absorb  moisture  so  readily.  It  is  pleasant  for  hot  weather 
wear,  and  perhaps  gives  a  slightly  better  protection  against  chills  than 
hnen. 

Woollen  material— FoiJ^^en  materials  absorb  a  considerable 
amount  of  moisture  and  thus  protect  from  chill  by  preventing  cooling 
of  the  body  after  exercise ;  they  contain  twice  as  much  air  in  their 
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meshes  as  cotton ;  they  are  bad  conductors  of  heat,  and  protect  the 
wearer  from  sudden  changes  of  weather.  Woollen  garments  ensure  the 
maintenance  of  an  equable  surface  temperature  better  than  any  other 
fabric.  Wool  and  flannel  can  absorb  much  large  quantities  of  water 
than  linen  or  cotton,  and  therefore  take  much  longer  to  become  satura- 
ted and  so  converted  into  good  conductors  through  the  water  in  their 
meshes.  Experience  has  taught  us  that  it  is  the  best  material  for  wear, 
and  one  of  the  best  preservatives  against  illnesses  generally  in  all 
seasons.  Wool  has,  however,  several  disadvantages — for  example,  it 
becomes  hard  and  shrinks  on  washing,  and  so  loses  part  of  its  absorbent 
properties.  This  can  be  prevented  by  using  soaps  free  from  any  excess 
of  alkali,  as  most  of  the  "  washing  soaps  "  are.  The  right  way  to  clean 
woollen  clothes  is  to  wash  them  in  warm  water,  using  a  good  soap  con- 
taining little  alkali.  Some  soaps  are  made  containing  a  small  amount 
of  petroleum,  which  adds  considerably  to  their  cleansing  properties. 
The  washing  should  be  done  rapidly  and  the  articles  dried  quickly. 
Neither  very  cold  nor  very  hot  water  should  be  used. 

Linen  and  cotton  in  the  presence  of  moisture  rapidly  lose  their 
porosity,  become  saturated,  their  interstices  filled  with  water,  and  as 
water  is  a  better  conductor  of  heat  than  air,  they  cool  the  surface  more 
quickly.  Linen,  though  much  more  expensive  than  cotton,  has  practi- 
cally no  hygienic  advantages  over  cotton,  and  has  no  special  feature  to 
recommend  it  as  part  of  the  soldier's  clothing. 

Jaeger  wool- — The  highest  perfectiou,  however,  in  the  material  for  a  cam- 
paigning dress  in  hot  climates  would  seem  to  be  that  introduced  by  Dr.  Jaeger. 
This  inventor  has  supplied  the  public  with  various  kinds  of  bis  woollen  sanitary 
clothing,  one  kind  being  adapted  for  the  tropics.  Jaeger  woollen  material  has  been 
introduced  in  the  German  Army,  in  which  no  linen  is  worn,  and  in  which  wool  is 
everywhere  in  contact  with  the  skin.  This  material  is  so  manufactured  as  to  be 
perfectly  unirritating  to  the  skin;  it  preserves  an  equable  temperature  round 
the  body  ;  the  shape  and  arrangement  of  the  constituent  hairs  of  the  texture 
provide  'for  the  escape  of  moisture  by  capillary  attraction  ;  and  they  act  as 
the  conductors  of  the  various  fluid  impurities,  decomposing  fatty  acids,  etc., 
from  the  skin.  It  would  seem  that  this  sanitary  wool  clothing  is  exactly  the  cloth- 
ing wanted  for  campaigning  in  hot  climates,  in  which,  as  we  have  seen,  alterations 
between  the  day  and  uight  temperatures  so  frequently  come  into  play  in  the 
production  of  disease. 

Flannel  is  an  excellent  material  for  wear  in  India,  and  even  in  the 
hot  weather  the  thinner  varieties  of  flannel  are  the  best  garments  for 
wear. 

"It  is  not  necessary,  however,  that  underclothing  should  be  of 
pure  wool.  For  hot  climates  .it  is  difficult  to  get  this  either  thin- 
enough  or  soft  enough  to  be  comfortable,  but  various  mixtures  of  wool 
and  cotton  and  loosely  woven  clothes  materials  can  be  had  which  have 
these  advantages  while  being  cool  and  soft."  Woollen  material  is  now 
largely  mixed  with  cotton  which  prevents  its  shrinking  and  makes  it 
Bftore  durable, 
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The  warmth  of  clothing  largely  depends  on  the  amount  of  air  contained  in  the 
meshes  between  its  fibres  ;  fine,  loose,  porous  cloth,  with  plenty  of  nap,  is  best  for 
winter  wear.  Heavy  clothes  are  not  necessarily  the  warmest.  Furs  are  the  per- 
fection of  winter  clothing  in  very  cold  countries',  since  they  combine  warmth  with 
lightness.  Within  limits,  two  light,  warm,  woollen  garments,  one  over  the  other, 
are  warmer  than  a  single  heavy  one,  as  there  is  between  them  a  layer  of  non- 
conducting air. 

The  special  property  of  wool  as  a  clothes  fabric  is  clue  to  the  fact 
that  it  holds  in  its  meshes  au  oil  or  fat,  that  when  blended  into  clothes  its 
meshes  contain  air  which  acts  as  a  non-conductor  of  heat,  that  is,  pre- 
vents heat  passing  from  the  body,  and  cold  penetrating  to  the  body  from 
outside.  After  a  series  of  improper  washings  the  natural  fat  in  woollen 
material  is  dissolved  or  crushed  out  of  the  fibre  so  tliat  it  loses  many  of 
its  original  properties.  The  unmerciful  way  in  which  the  dhobies  of 
India  wash  woollen  articles  brings  about  this  state  of  things  very 
rapidly. 

Wool  is  destroyed  by  soaking  in  boiling  water.  All  that  is  required 
is  to  put  it  into  tepid  or  cold  water  and  use  good  soap.  These  are 
articles  however  rarely  used  by  ordinary  dhobies,  who  beat  the  life  out 
of  flannel  in  a  short  time. 

Many  men,  however,  are  unable  to  tolerate  flannel  next  the  skin, 
and  in  those  in  whom  it  predisposes  to  attacks  of  prickly  heat,  it  is 
indispensable  to  use  some  form  of  gauze  vest  beneath  it.  A  mixture  of 
wool  and  silk  constitutes  an  excellent  combination  particularly  for 
protecting  the  surface. 

Various  forms  of  cellular  cotton  clothing  have  in  recent  years  become  very 
popular  and  many  medical  officers  consider  them  to  have  certain  special  proDerties 
that  make  them  suitable  for  hot  weather  wear. 

The  material  called  '  flannellette '  is  a  very  poor  and  flimsy  type  of  woven 
}}        becomes  very  hard  and  non-absorbent.    It  is  highly  inflammable 
and  should  never  be  used. 

Prickly  heat.— Prickly  heat  is  an  annoying  irritation  of  the  skin  caused  bv 
excessive  sweating.  It  is  very  itchy,  induces  scratching,  which  intensifies  the 
irritation,  lo  prevent  it  the  under-garmeuts  should  be  changed  frequently,  baths 
should  be  taken  regularly  andno  irritating  soap  used.  A  useful  powder  to  soothe  the 
irritation  IS  one  of  one  part  of  boric  acid  and  two  parts  of  starch.  When  the  skin  is 
brsSituYed"""  ^"'^  ^"""^ mixture  of  wool  and  cotton  or  of  wool  and  silk  may 

n.i.^*'^?'??  of  clothing.-The  amount  of  heat  absorbed  from  without  varies  with  the 
colour  of  the  clothing.    Dark  substances  will  absorb  more  heat,  and  are  therefore 
warmest  when  the  external  heat  is  great.    This  Is  why ,  on  a  hot  weather  dav 
a  black-coloured  coat  in  the  sun  is  fl most  unbearable    Zither  Xk  clothes 
TiT.r'V'^':u'^''''l°^      ^'"^^^  ^^'^y  t-^^^l  t°  aLLc  S  tVom  the  body 
B^^rirrnlaAit^^^^^^^^^^  ^^'^  hence  they  are  cooler  i^u 

^c/t^;^Sc^r^t°t''=^ 

JhP  ]«n',  'fh  '        '^^'^        ^"J-^'  1^^"^^  P°°^-  ■^'^'^'^^'^  oi  heat    Next  to  wh  e 

Sill  1  l^f'u?^'^'  W^'^y     P.^le  yellow,  then  dark  yeUow,  light  green   red  dark 
green,  hght  blue  and  black.   I'ho  influence  of  colour  is  only'exSrted  on  the  surface 
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hence,  although  it  produces  consulerable  effects  on  the  texture,Mt  has  little  influence 
on  thick  material.  Grey  is  the  best  colour  for  soldiers'  clothing,  khaki  next  best; 
in  regard  to  heat  absorption  these  two  colours  are  about  the  same. 

Underclothes.— Under-garments  should  be  made  of  materials 
which  are  light  in  weight,  absorbent,  non-conducting  as  to  heat,  and 
non-irritating.  No  one  fabric  possesses  all  these  qualities  perfectly. 
Underclothes  should  be  of  some  sort  of  light  woollen  material.  All 
underclothing  worn  during  the  day  should,  when  practicable,  be 
taken  off  at  night.  The  sweat  and  dirt  of  the  skin  soak  into  the 
clothing.  Coloured  flannels,  worn  near  the  skin,  have  no  special 
virtue  in  protecting  from  cold,  on  the  other  hand,  they  have  disadvan- 
tages. For  instance,  they  do  not  show  the  dirt,  and  may  appear  clean 
when  saturated  with  the  waste  matters  from  the  surface  of:  the  body. 
Further,  some  brightly-dyed  flannels  contain  colouring  matters  which 
are  injurious  to  the  skin,  creating  different  kinds  of  eruptions.  Some 
of  these  dyes  are  prepared  from  arsenical  pigments,  and  may,  therefore, 
be  poisonous.  We  should  remember  that  coloured  clothes,  as  well  as 
white  ones,  rapidly  absorb  perspiration,  and  for  this  reason  soon 
become  dirty  ;  they  should,  therefore,  be  changed  and  washed  as  fre- 
quently as  clothes  of  light  colour.  All  underclothes  should  after  being 
used  either  be  washed  or  aired  in  the  sun.  It  should  be  always 
possible  to  have  a  clean  shirt  and  a  pair  of  drawers  for  use  at  night. 
Socks  become  dirty  sooner  than  any  other  covering.  Men  should  have 
two  pairs  in  use  and  two  pairs  at  the  wash,  one  pair  is  required  for 
morning  wear  and  the  other  for  evening  use. 

Meaning  of  "  warm  "  and  "  cool "  clothes.— One  of  the  objects  of 
wearing  clothes  is  to  keep  our  bodies  at  an  even  temperature.  Clothes 
are  spoken  of  as  "  warm  "  and  "  cool,"  but  all  clothes  are  of  the  same 
temperature.  If  we  wish  to  keep  the  tea  in  a  teapot  warm,  we  place  a 
cosy  over  the  teapot,  but  even  this  can  only  keep  the  tea  warm  for  a 
certain  time.  By  warm  clothes,  we  mean  the  clothes  which  conduct 
heat  away  from  the  body  less  rapidly  than  "  cool "  clothes.  Notwith- 
standing that  we  give  off  a  lot  of  heat  in  this  way,  we  keep  about  the 
same  temperature.  In  health  we  never  get  very  cold  or  very  warm. 
In  cold  weather,  during  exercise,  we  are  always  giving  off  a  lot  of  heat, 
vet  the  body  is  warmer  than  when  at  rest.  This  is  because  we  are 
constantly  forming  heat ;  everything  we  do,  every  movement  we  make, 
generates  heat.  Even  when  apparently  at  rest,  many  important  organs 
Sre  acting  ;  for  example,  we  are  breathing  and  the  heart  is  beating. 

Wpflt  veneration  in  the  body.-The  heat  of  the  body  is  forined  by  the  union 
nf  th?  ?xvcen  we  inspir^^^^^       the  food  materials  we  eat    Whenever  oxygen 
rLbines  Sth  another  agent,  it  causes  the  newly-formed  body  to  become  warm 
wTXf it  burns  with  a  flame  or  not.    In  the  burning  of  a  lamp,  the  oxygen  of  the 
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of  the  air  comes  into  coutuct  with  them,  they  joiu  with  it,  and  in  doing  ko,  produce 
heat.  But  they  do  not  do  it  so  fast  as  in  the  case  of  the  lump  ;  no  flame  is  produced  ; 
it  is  a  slow  process  of  oxidation  or  combustion.  The  heat  thus  Created  is  just 
sutiicient  to  keep  us  in  health.  Thus,  the  formation  of  heat  is  going  on  in  all  parts 
of  the  body.    The  faster  we  move  the  more  burning  goes  on. 

In  warm  climates  the  skin  and  liver  are  fpecially  active  The  abdominal 
organs  are  more  irritable  and  are  more  readily  affected  by  external  influences.  The 
functions  of  the  digestive  system  are  impaired.  Sudden'  alterations  of  temperature 
are  often  injurious.  A  sudden  change  from  cold  to  heat  may  induce  diarrhoea  or 
other  intestinal  troubles.  A  sudden  change  from  heat  to  cold  is  liable  to  lead  to 
chills,  congestion  of  intestinal  organs  especially  of  the  liver.  The  European  should 
always  be  careful  to  avoid  chills.  This  is  specially  important  in  the  evening  after 
e.yercise.  The  diurnal  oscillations  of  tlie  thermometer  in  India  may  be  very  great,  a 
difference  of  80-'  F.  between  the  maximum  and  minimum,  though  very  e.Yceptional, 
has  actually  been  recorded  in  (^uelta.  The  European  has  also  to  protect  himself 
from  malarial  infection  to  which,  on  first  arrival,  lie  is  specially  liable,  if  becomes 
to  the  country  during  the  malaria  season. 


Damp  and  wet  clothi^s  should  not  be  worn  longer  than  necessary.  If  the 
clothes  have  been  wetted,  we  should  keep  moving  about  actively  until  they  can  be 
changed,  or  have  dried  on  the  body.  If  possible  after  a  wetting  the  wet  clothes 
should  be  removed,  the  body  rubbed  down  thoroughly  with  a  rough  towel  and 
warm  dry  clothes  put  on  ;  wet  boots  and  socks  should  be  replaced  by  dry  one's  as 
soon  as  possible.  Damp  moist  clothes  should  always  be  aired  and  sun-dried  before 
use  again.  During  the  rainy  season  the  night  clothes  should  Hlways  be  dried  before 
being  put  on. 

The  best  outer  garments  are  those  that  are  light  in  weight  and 
of  a  cream,  grey  or  khaki  colour,  jfit  loosely  and  are  washable.  The 
twilled  cloth  now  so  generally  used  for  WMfti  suits  is  excellent. 
^othlng  can,  however,  be  said  against  the  khaki  drill  used  by  our 
soldiers  in  India. 


The  best  form  of  night  suit  consists  of  a  mixture  of  wool  and 
cotton  (Ceylon  cloth),  fine  flannel,  or  a  mixture  of  silk  and  wool.  Any 
one  of  these  textures  will  absorb  moisture,  help  to  maintain  a  uniform 
temperature  and  to  prevent  chills.  These  precautions  are  particularly 
necessary  when  sleeping  under  a  punkah  or  electric  fan,  or  in  the 
neighbourhood  of  a  working  thermantidote,  in  which  case  we  should 
always  make  certain  that  we  aie  properly  covered  before  going  to  sleep 
t-ersonally,    I  believe  the  short  jacket  worn  with  the  pyiama  suit  should 
be  discarded  as  it  rucks  up  at  night  and  leaves  the  abdomen  exposed 
It  should  be  replaced  by  a  shirt  which  should  be  tucked  inside  the 


Considering  that  we  pass  about  one-third  of  our  life-time  in  sleen 
It  IS  important  that  we  should  be  comfortable  when  asleep.  A  damn 
tloor  or  ground  and  damp  walls  predispose  to  malarial  fevers,  dysentery 

oleTlT'  f''^^'^'-     ''^'^^^^"g  '-^"d  blankets  should  be  kept 

Clean,  and  when  possible,  exposed  to  the  air  and  sun  every  moruinff 
lf\ZJtl\^  purify  them,  as  some  of  the  waste  matters  of  the  body 
adhere  to  them  during  the  night.  ^ 
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If  not  too  cold,  the  doors  and  windows  of  barrack-rooms,  and  the 
doors  of  tents  should  be  kept  open  at  night.  Sleeping  in  a  close  room 
or  tent  is  bad  for  health  ;  it  prevents  proper  rest,  and  it  causes  us  to  get 
up  weary  and  unrefreshed,  instead  of  rested  and  vigorous. 

The  softest  and  warmest  beds  are  not  the  most  wholesome.  Such 
beds  are  relaxing  and  debilitating  through  the  excessive  heat  they 
maintain  around  the  body  during  sleep.    This  demands  the  use  of 
warmer  clothing  during  the  day  with  its  further  enfeebling  effect.  Such 
beds  create  an  undesirable"  softness  "  of  the  constitution,  a  great  sensi- 
tiveness to  every  breath  of  cold  air,  or  fall  of  atmospheric  temperature. 
Probably  one  of  the  best  mattresses  is  that  stuffed  with  thoroughly  clean 
horse-hair  or  cocca-nut  fibre ;  straw  may  also  be  used  for  this  purpose^ 
By  those  accustomed  to  soft  beds  the  hair  bed  will  at  first  be  found 
hard  and  uncomfortable,  but  a  man  who  finds  a  soft  bed  a  necessity  is 
in  a  somewhat  poor  physical  state,  and  the  sooner  he  quits  that  state  the 
better     The  bed  clothes  should  be  as  light  as  is  compatible  \vith 
comfort ;  whilst  there  should  not  be  any  sensation  of  chillness,  there 
should  be  one  of  comfort.    All  superfluity  of  bed  clothes  should  be 
avoided.    During  sleep  the  surface  of  the  body  should  be  protected 
from  variations  in  the  atmospheric  temperature,  for  m  sleep  all  the 
vital  processes  are  carried  on  less  energetically  than  when  awake 
therefore  less  heat  is  produced,  but  the  circulation  m  the  skm  which 
is  regulated  by  one  of  the  organic  parts  of  the  nervous  system  called  the 
vaso-motor  centre)  is  activef  whilst  the  air  temperature  is  getting  lower 
Is  the  night  advances,  hence  radiation,  conduction,  and  evaporation, 
lltlirtolUion  '   We  -e  losing  heat  rapidly  in  sl^ep  and  ^^^^^ 
unconscious  of  sudden  changes  of  air  temperature  that  might  arise. 
Chnis  r  specially  liable  \o  occur  at  night  if  the  body  is^^^^^^ 
Hence  the  advisability  of  having  on  a  pyjama  suit  and  using  a  flanne 
'<  cholera  belt  "  or  kawmerhund,  and  of  having  a  hght  flannel  blanket 
over  our  bodies,  and  all  these  even  in  the  warmest  weather. 

We  should  not  sleep  with  the  head  and  face  covered  with  the  bed 
elothrs     This  filthy  babbit  necessitates  the  ^-t  -g  of  the  sam^^^ 

over  and  over  again.    If  the  ^^^l^J^l^.T^^  ^^^^^^^ 
night.    Damp  air  predisposes  to  many  diseases,  duu  cui  j 

fevers,  dysentery,  and  rheumatism. 

IB  the  absence  of  a  bedstead  or  charpoy,  if  obliged  to  sleep  on  the 
crrnnr^d  we  should  use  some  straw,  or  at  least  a  waterproof  sheet  It  is 
fe^esstrto  re-ember  that  we  require  as  much  bedding  beneath  as  we 
do  over  us  in  cold  weather. 

Mosquito  curtains  are  very  useful  for  warding  off  mosquitoe^  and 

air  which  so  readily  produces  cold  or  chills. 
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The  mosquito  net-— The  mosquito  net  should  be  large  and  have  a 
fine  mesh.  In  airy  places  where  sandflies  are  troublesome  muslin  may 
be  used  instead  of  iposquito  netting.  It  is,  however,  somewhat  oppres- 
sive within  a  muslin  curtain  in  a  still  air.  The  mosquito  net  should  not 
be  let  down  trailing  on  the  ground,  but  be  tucked  under  the  mattress.  It 
should  be  let  down  and  fixed  under  the  mattress  before  the  sun  goes 
down,  that  is,  before  mosquitoes  come  out  from  their  hiding  places — this 
ensures  their  not  being  enclosed  within  the  net.  Unless  the  bed  is 
unusually  broad,  the  lower  foot  of  the  net  should  have  a  double  layer  of 
some  cotton  niaterial  to  prevent  mosquitoes  getting  at  parts  of  the  body 
that  may  come  into  contact  with  it. 

Washing  of  clothes.— The  manner  in  which  the  clothes  of  our 
troops  are  washed  by  dhohies  is  a  matter  of  importance.  In  the  case 
of  European  troops  this  is  now  almost  universally  conducted  under 
regimental  supervision.  In  the  case  of  Native  troops  the  dhohies'  work 
still  calls  for  reforms,  and  it  would  be  well  if  commanding  officers  and 
medical  officers  in  all  regiments  would  take  up  the  matter  seriously  so 
as  to  ensure  that  not  only  is  clean  water  used  and  proper  methods  adop- 
ted, but  that  the  clothes  at  no  stage  of  the  cleaning  process  run  the  risk 
of  being  infected.  One  has  frequently  during  the  last  few  years  watched 
the  process  of  washing  the  .  clothes  of  Native  troops  being  conducted 
in  stagnant  dirty  pools,  which  in  some  cases  were  not  200  yards 
from  the  regimental  lines.  Fortunately  in  India  the  powerful  effects 
of  the  sun  on  disease-germs  considerably  reduces  the  risks.'  An 
innovation  one  would  like  to  insist  on  is  the  use  of  "clotheslines" 
or  ropes  on  which  to  suspend  the  clothes  while  drying  instead  of 
spreading  them  on  the  ground.  It  is  very  desirable  that  proper  laundries 
be  established  in  all  cantonments. 

The  clothes  of  officers  might  readily  be  washed  in  the  compound  by  thearranae- 
ment  of  a  small  washing  cjhai  close  to  the  ordinary  house  well.  All  that  is  needed 
IS  an  ordinary  brick  or  masonry  platform  G  feet  square,  connected  by  a  channel 
with  the  well,  and  enclosed  with  walls  about  a  toot  high,  the  whole  beina  lined 
wth  cement.  A  shor  ength  of  metal  pipe,  capable  of  be\na  closed  with  a  wooden 
pin  or  scre  w  ping  should  be  built  into  the  wall  at  the  lowest  level  of  the  platform  so  aa 

r  9  f'  ^  '"•^•r^"'      ''f  '^'^'''^'^         ^  smooth ly-worked  plaXabout 

4  feet  by  2  feet  vvith  rounded  corrugations  athwart  it,  formed  like  corn.ga  ed  zinc 
sheet  on  a  smaller  scale,  ,s  all  the  additional  apparatus  renuired.  Tl  e!e  simnle 
appliances  Nvoul,  ba  found  more  frequently  within  compo  ,  ids  than  they  a7if 
cotmoVl^'wXi-  °^       "''^  ^'""''^'^"^  unde^which  their  clo'tfung  Is 

/A^''^"''  starch  is  nsed  in  the  underclothes  and  linen  of  European^ 

oLlo?hes  VJ/  "«'=°''"t';y-  starching  removes  one  of  the  most  useful  p  op  rt'es 
th.  iwh         1  'f'e  «t<"-cli  fills  up  the  meshes  between  the  fibres  of 

the  cloth,  and  eaves  a  more  or  less  impermeable    water-proof  surface  Clothes 

ca?rv  U  emTbo  ,r  ^'""T  f/""^^''  ^"^"^  "I'  ^''^^^^'''^  infectious  diseases  and 
dSfected  *°        possibility  should  be-  thoroughly 
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D. — CLOTHINa  AND  EQUIPMENT  IN  THE  FIELD. 

Soldier's  present-day  field  kit— its  suitability. —The  clothing  of 
the  soldier  in  the  field,  it  is  scarcely  necessary  to  state,  forms  one  of  the 
most  important  factors  to  which  both  the  combatant  and  the  military 
medical  officer  can  turn  their  attention  Experience  in  our  Frontier 
campaigns  in  India  has  brought  us  to  a  fair  state  of  perfection  in  this 
respect.  The  regulation  field  kit  of  the  present  day  is  as  rational  and 
complete  as  can  be  reasonably  expected,  if  we  take  into  consideration 
the  varying  conditions  of  Indian  Frontier  warfare.  It  is  the  pen- 
ultimate outcome  of  experience  and  its  attributes  depend  upon  its 
durability,  permeability  and  the  quality  it  possesses  as  regards  its 
conduction  and  absorption  of  heat. 

Scale  of  clothing  on  field  service.— The  ordinary  field  service  scale 
of  clothing  and  bedding  for  the  N.-C.  Os.  and  men  of  European  infantry 
regiments  is  : — 


Carried  on  person. 


Aluminium  identity  disc 
Arms  and  accoutrements,  set 
Bandolier,  filled 
Boots,  ankle,  pair 
Braces,  pair 

Coat,  warm,  British  (winter  only) 
Emergency  ration 
First  field  dressing  packet 
Flannel  shirt 

Ha-versack  with  knife  and  fork  . 
Helmet,  khaki 
Jersey  (winter  only)  ... 
Khaki  frock 

,    trousers,  pair  ... 
Clasp  knife  with  lanyard 
Mesa  tin  ••• 
Mittens,  pair  (winter  only) 
Putties,  pair 
Socks,  woollen,  pair 
Water-bottle 
Back  pad 
Sun  spectacles 
Sunshade  for  helmet  ... 


1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 
1 

1 

1 
1 
1 
1 
1 
1 


Carried  on  Jet  line  of  transport. 

lb.  oz. 

Blanket,  barrack  ...         ...    4  12 

Coat,  warm,  British  (summer   4  12 
only). 

Carried  on  Snd  line  transport. 


Balaclava  cap  (winter  only) 

Blanket,  barrack 

Boots    ankle,    with  spare 

laces,  pair 
Field  cap 
Flannel  belt 
„  shirt 
Hair  brush 

Holdall  (with  comb,  razor, 

shaving  brush  and  spoon) 
Housewife 
Khaki  frock 

,,    troiisers  ... 
Log  line  for  packing  kits  ... 
Small-book 

Socks,  woollen,  pairs  2 
Soap,  piece  of  ... 
Towel  .  ... 

Tin  of  dubbing  ... 
Waterproof  sheet 


lb. 

oz. 

0 

6i 

4 

12 

3 

9 

0 

6 

0 

5i 

1 

2| 

0 

3 

n 

\\\ 

0 

4 

2 

12 

2 

12 

0 

4 

0 

3 

0 

9 

0 

'2 

0 

S 

0 

4 

3 

8 

Total  weight  allowed  all  seasons      ...  21 

In  Frontier  campaigns  in  the  winter  a  third  blanket  should  be 
issued  to  all  troops. 

Practically  the  same  scale  is  allowed  to  Native  infantry  troops. 
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Th  0  equipment  for  followers  and  private  servonts  consists  of : — 

Carried  an  person.  Carried  on  1st  line  of  transport, 

Alumiuium  identity  disc  ...    I    Bluuket,  country  fonly  for  ward  ser- 

Leather  belt  ...  ...    1      vants,  hliistis,  palcha'lis,  and  A.  B.  C. 

Blanket,  country  (winter  only)    ,..    1       bearers,  in  winter), 
lilouse,  khaki  ...  ...  I 

Cont,  warm,  followers  (winter  only)  1 

Pyjamas,  warm  (winter  only),  pair    1  Carried  on  Snd  line  transport. 

Pagri         ...  ...  ...    1  lbs.  oz. 

Fulties        ...  pair    ...    1    Blanket  country  ...    4  0 

Rations,  1  day's         ...  ...    1    Cooking-pots  ...    2  0 

Shoes  or  boots  (country  made) pair    1    Spare  clothing  ...    4  0 

Underclothing,  suit  of.  Waterproof  sheet  ...    3  8 

Water-bottle,  zinc.   

Total       ...  13  8 

Special  articles  for  different  campaigns.— For  campaigns  con- 
ducted in  cold  climates,  special  articles  of  kit  will  be  authorised,  such 
as  goat  or  sheep-skin  coals  (poshteens),  warm  Balaclava  caps,  gloves  or 
mittens,  Gilgit  boots,  extra  blankets,  etc.,  according  to  circumstances. 

Scale  in  Tibet  — The  above  scale  may  be  modified  in  campaigns  to  suit  the 

climate,  time  of  the  year,  or  meet  .special  local  conditions :  e.g.,  in  the  Tibet  Mission 
both  British  and  Native  troops,  as  well  as  followers,  received  :  — 
Summer. — 

Blankets,  black  ...  ...  ....  2 

Coat,  warm      ...  ...  '"'  "  j 

Mittens  ...  .''  '  '"  j 

Balaclava  cap  ...  ,  .  ...  '"  ""  j 

Waterproof  sheet  *"  *"  j 


follow^ircon7is?eroT:- '  ''"""^  ^"'^  *^°°P« 

Poshieen           ...  ...             .  .  .  2 

Pazai  (quilt)     ...  ...  ""  ■"  j 

Woollen  gloves  ...             "'  '■'  ,  • 

Fur-lined  gloves  ...             ■'  -•  | 

Lamb's  wool  vest  ...            ;."  ""  ,  '^^^^ 

Overalls          ...  ""  ■"  ; 

Comfor-ter        ...    -    }  P'^^'" 

Gilgit  boots      ...  ■■'  ■■■  ""  ; 

Goggles  ■■■  "■  •••  - 

■■■  ...  ...    1  pair 

One  extra  blanket  and  one  pair  of  woollen  drawers  were  also  issued. 

Transport  allowance  for  followers'  baggage  deficient.-Before 

concluding  tln.s  subject  one  would  remark  that  thi  baggage  allowance 
of  follower.s-13ilbs.-xs  scarcely  sufBcient  when  fightin|  in  cold  loun! 
n  .Mh  "•!"<'^  Iy  given  two  blankets  of  41bs.  eadr,  and  a  water-proof 

0  3iibs.  as  part  of  his  kit.  He  has  also  his  cooking-pks  and  some  extra 

given  In  certain  places  such  as  Burma  and  tlie  North-Eastern  Fron- 
tier, the  present  allowance  would  be  sufficient. 

Underclothes. -The  ordinary  underclothing  of  the  British  an^ 
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Two  flannel  shirts  always  required— Two  flannel  shirts  form  part 
of  every  soldier's  kit  on  field  service;  tliey  should  reach  well  below  the 
hips,  preferably  to  the  middle  of  the  thighs.  The  typical  sliirt  of  this 
kind  is  the  British  soldier's  grey  flannel  one.  There  is  much  variation 
in  the  make  and  quality  of  the  so-called  flannel  shirt  in  our  Native 
Army — from  being  almost  entirely  cotton  and  reaching  barely  to  the 
hips,  to  pure  flannel  of  proper  size  and  make.  The  nearer  it  is  to  pure 
flannel  the  better  it  serves  to  protect  men  from  chills  by  reason  of  its 
being  a  non-conductor  of  heat,  and  its  high  absorptive  quality  as  regards 
perspiration. 

Fabric  of  shirt.— The  British  soldier's  shirt,  made  from  a  mixture 
of  cotton  and  wool,  is  light  and  cheaper  than  pure  wool,  is  more  durable, 
and  does  not  shrink  in-washing.  It  should  not,  however,  consist  of 
more  than  30  per  cent  of  cotton.  Grey  is  the  best  colour  for  the 
soldier's  shirt,  khaki  next.  In  all  cases  the  collar  and  wrist  bands  of  the 
woollen  shirt  should  be  made  of  linen  or  cotton  material  to  obviate  the 
effects  of  shrinking  and  consequent  tightness. 

The  ordinary  grey  flannel  shirt  irritates  the  skin  of  some  men,  and 
may  produce  prickly  heat  in  the  hot  weather.  It  is  advisable  that  it 
be  supplemented  in  the  hot  weather  by  the  use  of  one  of  the  Indian 
eauze  undervests  or  banians.  The  shirt  worn  during  the  day  should 
not  be  worn  at  night.  It  is  very  desirable  that  all  soldiers  provide 
themselves  with  pyjama  suits  for  night  wear— two  suits  are  required, 
one  for  use  while  the  other  is  being  washed. 

Socks  —The  men's  socks  require  almost  as  much  attention  as  the 
boots  and  one's  experience  is  that  this  is  a  matter  greatly  neglected  by 
refTimental  officers.  The  grey  sock  made  of  worsted  is  most  excellent  to 
march  in  It  should  be  shrunk  before  issue.  The  great  complaint  is 
fhat  the  number  prescribed  for  field  service  is  too  small.  In  marching 
there  is  excessive  perspiration  in  the  feet  which  cakes  with  the  dust  and 
dirt  generally,  and  predisposes  to  sore  feet,  and  it  is  probab  e  that  many 
ca  es  of  sore  feet  arise  in  this  way.  A  good  sock,  fitting  the  foot  free 
from  holes,  and  kept  clean,  is  a.great  protective  against  sore  feet,  bocks 
should  be  frequently  washed.    '  _ 

All  soldiers  should  have  at  least  four  pairs  of  socks     This  allows 
of  two  mirs  in  use  and  two  with  the  dJwbie.    Socks  should  be  fitted 
:n  "rs.mecare  as  boots-if  too  large  they  -ck  and  .i.ase,  .nd 
hli=!fprs    if  too  small  they  rapidly  become  holy.    Dirty  socts 
be  a  soUi   - 'abomination  fthey  stif,k,  and  ave  crowded  w.th  germs 
vWch  rapidly  invade  the  .malle.t  abrasions  or  bhrtev»  of  the  fee  . 

For  ordinary  ase  in  cantonments  in  peace  times  dnnng  tire  hot 
weather  on' te*  /lain,  merino  soc.s  might  replace  the  wors^d  one. 

.  Wnv.npnn  Armies  bandages  are  worn  around  tlie  teet  and 
,egs  "nsSr  of^sS"  Xir  chief  advantage  is  that  "they  can  be 
easily  cleaned  and  replaced  when  worn  out. 
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The  cholera  belt — its  uses. — At  the  risk  of  being  considered  old- 
fashioned  one  would  strongly  recommend  the  so-called  cholera  belt  as 
an  article  of  kit  indispensable  to  every  soldier  in  the  field.  As  you 
know,  it  consists  of  a  double  layer  of  flannel  encircling  the  girth;  it 
should  reach  from  below  the  nipples  down  to  the  hips.  It  saves  the 
soldier  from  a  host  of  ailments — it  costs  about  8  annas,  weighs  only 
five  or  six  ounces,  lasts  him  througliout  a  long  campaign,  andean  be 
washed  and  dried  in  an  hour.  Its  special  virtue  rests  in  the  fact  that  it 
niaintains  an  equilibrium  in  the  circulation  around  the  organs  most 
liable  to  be  affected  by  the  vicissitudes  of  temperature  common  in 
cantonments  and  in  most  of  our  P'rontier  campaigns.  Its  use  should 
be  made  compulsory.  Many  British  officers  consider  it  a  fad,  and  the 
British  soldier,  very  olten  in  the  hot  weather,  discards  it.  One  would  at 
least  emphasise  the  necessity  for  its  Ufse  in  campaigns.  In  the  absence 
of  cholera  belts,  the  'putties  should  be  worn  around  the  waist.  The 
cholera  belt  should  only  be  worn  at  night.  A  cholera  belt  is  also 
made  of  knitted  woollen  material  or  Jaeger  wool  in  the  form  of  a  single 
complete  band  for  the  waist.  This  form  is  undesirable  as  it  rucks  up. 
It  is  sometimes  advised  that  the  cholera  belt  material  be  sown  into  the 
upper  part  of  the  night  pyjamas  to  keep  it  in  position.  The  ordinary 
flannel  belt  provided  with  buttons  and  botton  holes  or  a  double  set  of 
tapes  does  not  ruck  up. 

Drawers.— Drawers  would  form  an  acquisition  to  the  Kuropeau 
soldier's  kit  from  reasons  of  cleanliness,  and  of  warmth  to  the  lower  part 
of  the  abdomen.  All  soldiers  should  have  two  pairs  of  drawers  ;  they  are 
specially  necessary  for  cleanliness  and  to  prevent  chills  in  the  abdomen. 
Without  drawers  the  "shorts"  soon  become  filthy  inside,  laden  with 
dust  which  mixes  with  the  sweat  and  irritates. 

Trousers — The  trousers  and  "  shorts  "  should  always  be  loose  and 
comfortable  over  the  hips,  buttocks  and  thighs  and  be  kept  up  by  braces. 
Belts  should  never  be  worn  to  keep  up  the  trousers ;  they  compress 
the  abdomen,  interfere  with  free  respiration  and  are  said  to  favour 
constipation. 

One  might  here  remark  that  all  clothes  on  field  service  should  fit 
fairly  loosely  so  as  to  permit  of  free  movement  of  all  parts  of  the  body 
otherwise  mechanical  energy  is  unnecessarily  expended. 

"  Shorts"  on  field  service.— The  question  of  the  use  of  shorts  " 
often  arises,  and  opinions  as  to  their  merits,  even  amongst  experienced 
medical  oihcers,  vary.  They  are  most  popular  amongst  European  troops 
and  Grurkha  and  other  Native  soldiers,  and  they  are  undoubtedly  most 
comfortable  on  long  marches.  One  has  personally  not  met  with  any 
special  discomfort  or  ailments  arising  from  their  use  by  men  who  have 
worn  themm  both  hot  and  cold  weather.  It  is  probable  that  when 
marching  in  our  N.-W.  Frontier  during  the  winter,  serge  shorts" 
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would  be  preferable  to  drill  ones,  and  combined  with  half-hose  knee 
gauntlets  above  the  putties  in  very  cold  weather,  are  quite  comfortable. 
It  is  desirable  that  there  should  always  be  a  loose  under-drawer  worn 
with  "  shorts." 

Khaki  jacket. — The  kha^i  service  jacket  should  be  quite  loose 
and  never  worn  so  as  to  fit  tight  and  smart-looking.  In  the  case  of 
officers,  with  a  soft  collar  and  a  necktie,  it  approaches  the  acme  of 
hygienic  and  aesthetic  requirements.  A  loose  coat  protects  the  body 
from  chill  better  than  a  closely  Btting  one,  as  it  has  between  it  and  the 
skin  a  layer  of  non-conducting  air.  It  also  permits  of  the  lungs  expand- 
ing freely,  and  the  heart  to  work  without  any  external  pressure.  When 
the  khaki  drill  coat  is  used,  it  is  necessary  to  insist  on  men  wearing  a 
flannel  shirt  beneath  it ;  this  shirt  is  a  great  protection  from  chilling  of 
the  surface.  It  is  only  very  exceptionally  that  khaki  serge  is  required 
for  the  coat  instead  of  khaki  drill.  The  coat  warm  British  is  usually 
sufficient  to  tide  over  the  influence  of  coldness  of  the  air,  and  prevent 
chill ;  it  is  always  at  hand  and  can  be  used  when  necessary. 

Braces. — Braces  are  certainly  preferable  to  belts  around  the  waist ; 
they  form  a  better  means  of  support  and  do  not  compress  any  part. 
Tight  belts  are  said  to  predispose  to  hernia. 

The  great-coat.— The  great-coats  of  our  British  and  Native  Troops 
are  almost  invariably  of  excellent  quality  as  regards  the  cloth.  The 
chief  defects  one  notices  is  that  they  are  not  made  long  enough  and  they 
are  too  heavy.  The  great-coat,  which  in  different  regiments  of  infantry 
weighs  from  about  A\  to  61  pounds,  can  absorb  an  astonishing  amount 
of  rain,  and  when  saturated  is  very  heavy.  Many  authorities  consider 
that  it  would  be  preferable  were  a  "  waterproofed  "  great-coat  of  lighter 
weight  to  be  introduced.  This  is  now  done  in  some  armies.  There  are 
various  cheap  methods  and  compositions  for  effecting  this  waterproofing 

\  good  waterpi-oofiug  material  is  made  from  3  per  cent,  lauoliu  in  benzoin. 
The  material  to  be  waterproofed  is  steeped  in  this  solution,  tho  article  thoroughly 
wrung  out  and  the  excess  of  the  solution  allowed  to  evaporate  rapidly  in  the  air. 
\bout  four  pints  of  solution  are  required  for  the  entire  effects  of  a  soldier.  Uoth- 
ing  impregnated  with  wool  fat  (lanolin)  may  be  worn  both  m  ram  and  suu  with- 
out ill  effects,  prevents  the  rapid  evaporation  of  perspiration,  and  affords  abetter 
protection  against  rain  than  fabrics  waterproofed  with  alum  P';«P'V%  °°?h  wno  f^J 
chemicals,  as  recommended  by  some  authorities."  Clothes  infl  trated  with  wool  fat 
areTven  more  permeable  to  ai^  than  clothing  not  so  treated,  and  are  also  less  absorb- 
ent of  watery  vapour.  Moderate  washing  has  no  effects  on  the  waterproofing  of 
fabrics  produced  by  lanolin,  so  that  the  effects  of  the  procedure  '^f^f^J^-^ly  Pf™,^: 
nent    It  costs  about  a  rupee  to  waterproof  a  complete  uniform.    It  waterproofs  but 

prevents  tbe  fr^^^  '"Tf  fll^.^  !fifv 

E  the  appearan^ce.  colour,  or  odour  of  the  gf  ^-^^^s ,  "  m^^^^ 
and  strength  of  the  fabric.    It  is  cheap  and  simple  in  application. 

Another  waterproofing  composition  is  a  weak  solution  of  glue  to  which  while 
waterproofs  them. 
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Waterproofs  have  the  disadvantage  of  keeping  the  body  covered  with  a  layer 
of  perspiration.  They  should  be  discarded  when  no  longer  required  to  keep  out 
rain.  Several  articles  of  the  soldier's  kit  might  be  waterproofed  with  advantage. 

Great-coats  should  not  be  worn  on  the  march,  even  when  it  is 
raining.  Tliej  should  be  dry  and  ready  to  put  on  over  the  wet  clothes. 
A  dry  great-coat  over  wet  clothes  is  better  than  a  wet  coat  over  clothes 
soaked  with  perspiration.  The  great-coat  of  a  soldier  is  one  of  his  best 
friends  on  field  service,  and  should  be  either  with  him  or  readily  get- 
at-able.  When  hot  and  perspiring  on  arriving  in  camp,  especially  if 
in  the  evening,  the  great-coat  should  be  worn.  Changes  of  air  tem- 
peratures are  often  sudden,  especially  in  the  evening;  hence  the 
necessity  of  men  always  having  their  great-coats,  or  "coat  warm  British" 
ready  to  use  if  required.  This  is  especially  necessary  in  the  case  of 
men  on  sentry  duty  in  the  evening  and  at  night. 

The  waterproof  sheet.— On  field  service  the  soldier's  waterproof 
sheet  is  indispensable  to  protect  against  rain  or  moist  ground,  and  even 
when  the  soil  is  dry,  it  should  be  used  to  lie  on  when  not  used  to  form 
a  temporary  tent  d'abri. 

Helmets.— The  present  pattern  of  helmet  worn  by  our  British 
troops  is  vastly  superior  to  any  previously  issued. 

Essentials  for  the  head-gear.— The  essentials  of  a  good  head- 
gear are:— That  it  should  be  light,  durable,  comfortable,  not  press 
unduly  on  any  part,  and  not  fit  too  closely  on  the  head.  It  should 
admit  of  a  limited  amount  of  ventilation,  and  its  shape  should  not  only 
serve  as  a  protection  to  the  head  against  sun,  but  should  afford  as  little 
resistance  to  the  wind  as  possible,*  whilst  it  should  not  interfere  with 
a  man's  shooting  in  any  way. 

The  new  pattern  helmet  of  the  British  soldier  is  by  far  the  best 
article  of  the  kind  yet  issued.    It  is  made  of  bamboo  or  cork  covered 
with  cotton  cloth,  and  provided  with  a  pagri.    It  at  once  protects  the 
head  and  neck  from  the  sun  efficiently,  weighs  about  1.3  ounces  and 
permits  of  the  man  using  his  rifle  in  any  position.    It  has  been'suff- 
gested  that  it  should  be  lined  by  orange  coloured  flannel   and  if  the 
present  day  views  as  to  the  effects  of  the  violet  and  ultra-violet  ravs 
of  the  sun  are  correct,  this  appears  to  be  indicated.    A  recent  extensive 
enquiry,  however,  carried  out  on  1,000  soldiers  of  the  U.  S.  Army  in  the 
rhihppmes  appears  to  indicate  that  the  use  of  such  coloured  material 
increases  the  heat  of  the  head  and  adds  to  discomfort.    In  the  hot 
weather  all  European  soldiers,  when  outside,  should  wear  theif  helmets 
from  sunrise  to  sunset. 


*  MoNSON's  Military  Hygiene,  p.  1005. 
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Up  to  the  present  no  miiterial  has  been  found  that  excels  the  ordinary  aolah  or 
pith  hat.  The  best  shape  is  that  of  the  Cawnpore  Tent  Club  lopee,  which  has  the 
brim  straight  in  front,  and  sloping  everywhere  else.  This  was  for  a  time  a  very 
popular  hat  for  European  troous  on  field  ser-vice.  The  interior  of  the  sun  topee 
must  bH  well  ventilated.  This  is  (Affected  by  havinp;  the  hat  band  separated  from 
the  hat  by  bits  of  cork  or  pitli.  It  the  pith  is  thick  enough  no  further  cover  is 
required  and  certainly  the  use  of  the  thick  cotton  quilted  cover  does  not  add  much 
to  its  utility  but  does  add  considerably  to  its  weight.  These  nolah  topees  are  made  of 
strips  of  soiah  pasted  together  and  so  do  not  stand  rain  well,  but  this  may  be  obvia- 
ted by  the  use  of  a  thoroughly  good  waterproof  cover  instead  of  the  ordinary  drill 
one,  or  by  waterproofing  the  drill  cover.  Thick  stiffened  felt  is  also  good,  especially 
of  double  -with  an  intervening  layer  of  air  between. 

Many  persons  are  affected  by  the  direct  rays  of  the  sun  beating 
on  the  spine,  especially  on  its  upper  part,  giving  rise  to  symptoms  of 
dull  aching  and  oppression.  This  is  prevented  by  the  use  of  a  spine 
pad  made  to  cover  the  famine  and  consisting  of  a  double  fold  of  khaki 
with  cotton  wool  between,  this  being  fixed  on  to  the  coat  by  hooks  and 
eyes,  or  buttons  (and  therefore  detachable)  and  being  somewhat 
T-shaped. 

When  the  body,  head  and  spine  are  properly  protected  the  actual  heat  rays 
of  the  sun— solar  radiation  or  red  rays-ia  seldom  sufficient  in  the  acclimatised,  to 
be  seriouslv  iniurious  except  in  those  whose  heat-regulating  mechanism  has  been 
damaged  bV  overwork,  by  excessive  indulgence  in  alcohol,  or  those  who  actually 
have  naturally  an  inordinate  susceptibility  to  the  heat  rays,  The  effects  of  the  hgJU 
rays  of  the  sun  are  to  be  excluded  as  far  as  possible. 

ThP  lieht  ravs  are  the  blue,  violet  and  ultra-violet  actinic  light  rays  of  the 
STDectrum  *  It  is  these  light  rays  that  are  responsible  for  the  production  of  ■«"n-burn 
Hnd  sun  fever  of  which  latter  there  are  extreme  grades.  It  is  supposed  that  the 
Smented  skin  of  the  native  of  the  tropics  is  a  natural  protection  against  the  actinic 
?a?r  The  wMte  material  such  as  is  usually  worn,  drill,  etc.,  is  almost  ti-ansparent 
^n^the  actinic  rays  of  the  tropical  sun,  and  it  does  not  protect  us  from  these  The 
white  sSace  reflects  some  of  the  longer  red  ray <,  yet  the  material  is  too  tlmi  to 
Sallv  excl^^^^^^  them,  and  consequently  it  is  by  no  means  as  cool  as  we  could  wish 
it  LfnnlW  in  the  sun  The  reflected  white  light  is  excessively  annoying  (and  in 
TourJe  of  S  injurious  both  to  the  eyes  of  the  learer,  and  those  of  his  neighbours. 

Tt  has  certainly  been  shown  that  the  pigmented  surface  of  the  native  has  a 
f  Wective  effect  against  the  passage  of  the  injurious  actinic  rays.  Various 
fxSits  hi^e  shown^that  probably  the  most  protective  colour  against  the 
«nt^inVrr  ivsof  thesun  is  MaH,  that  a  covering  of  this  gives  the  same  kmd  of 
^Stio?  hat  fe  pigment  of  the  skin  of  the  native  does.  Khaki  reflects  the 
Fong  violet  rays  of  the  sun  almost  as  well  as  white  cotton  does.  ^ 

*  When  white  light  passes  from  one  medium  to  another,  it  is  not  only  bent 
.         ^ourle  (reflelted),  but  is  decomposed  into  several  kinds  ot  lights  which  are 
out  of  Its  course  (rene^^^^  %  the  coloured  lights  form  a 

coloured,  passing  through  a  prism  is  decomposed  and  we  can  dis- 

speclrum.  ..^^^'Jfourf  into  which  it  is  broken  up  ;  these  are  red  (the  least  refracted 
tinguishthe  ^o^^'  ,^1^.   indigo,  violet  and  ultra-violet  .the  most 

of  the  rays..,  orange     elh^w   ^ree-,Ua i 

refracted}.  correspondin|  with  each  wave  length,   waves  pro- 

is  a  particular  shade  ot  coun  ^^^^f^^^^  ^l^ieh  exert  an  effect  on  the  retina 

ducingthesensat  o^^^^^^  sensation  of  red  are  the  longest    The  waves 

of  the  eye,  while  t  ose  F^^^^^  prism,  and  thus  we  get  the  spectrum, 

of  different  le^y'^'^f  ^.'^  .''^Ttrthe  red  end  ot' the  spectrum  and  outside  it,  the  hght 

the  spectrum^nd  beyond  it  (ultra-violet  rays,. 
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Putties. — Putties  support  the  legs,  keep  them  warm,  do  not  inter- 
fere with  the  movement  of  the  muscles  in  front  or  behind  the  leg,  and 
protect  from  reptiles  and  insects ;  they  are  very  comfortable  to  march 
in.  Putties  should  be  carefully  adjusted.  It  is  specially  necessary  to 
avoid  winding  them  so  tightly  round  the  legs  as  to  cramp  the  action 
of  the  muscles  or  stop  the  circulation  in  the  superficial  vessels.  Trained 
soldiers  should  teach  their  younger  comrades  how  to  adjust  them  so  as 
to  be  comfortable  in  marching. 

Leg^gings. — In  European  armies  either  leggings  or  long  boots 
are  almost  universally  worn,  leggings  being  very  popular  with  the 
troops  where  they  are  used,  as  they  are  easily  removed  and  can  be 
rapidly  cleaned.  Well-iitting  leggings  are  best  for  cavalrymen.  They 
should  be  carefully  tried  and  tested  before  use  on  field  service.  Most 
of  us  know  the  utter  discomfort  associated  with  wearing  tight  leggings. 

Boots. —lb  is  impossible  to  emphasise  too  much  the  intimate  rela- 
tionship between  well-fitting  and  well-made  boots  and  the  soldier's 
military  efficiency.  A  pair  of  boots  that  prevents  a  soldier  from  marcbing, 
whilst  directly  answerable  for  the  man's  inefficiency,  the  real  respon- 
sibility is  in  the  original  issue  of  the  boots. 

_  It  is  on  record  that  30,000  German  soldiers  were  unfit  for  duty 
during  the  first  few  weeks  of  the  Franco-German  War  on  account 
of  injuries  of  the  feet  due  to  badly  fitting  boots  that  had  become 
hardened  by  long  keeping  in  the  supplying  stores. 

Footsoreness  may  arise  from  initial  defects  in  the  structure  of  the 
boots,  or  from  boots  being  allowed  to  get  hard,  or  to  their  being  worn 
out  and  it  being  impossible  to  repair  them. 

The  nature  and  shape  of  the  boots  and  the  quality  of  the 
leather  are  imporldnlt.  A  boot  should  be  considered  as  natural  when 
its  greatest  length  is  in  a  line  through  the  middle  of  the  heel  and 
middle  of  the  great  toe,  and  its  greatest  breadth  through  the  bases  of 
the  five  toes  (metatarsal  bouesj,  this  latter  giving  an  oblique  line  in 
relation  to  the  axis  of  the  foot.  The  heel  should  be  strong,  resistant 
broad,  not  more  than  one  inch  in  height,  and  long  enough"  to  suDoort 
the  whole  heel.  ^"^ 

It  has  often  been  a  question  whether  laced  ankle  boots  or  loner 
boots  are  best-the  former  are  cheaper,  easier  to  put  on,  and  easier  to 
dry,  whilst  long  boots  protect  better  against  damp,  cold  and  iniuries 
l  ie  question  however  does  not  arise  in  our  infantry  soldiers  in  India 
who  have  all  the  advantages  of  laced  boots  and  ptUties. 

Regulation  bout— The  British  soldier's  boots  weigh  about  40 
ounces,  and  are  made  in  32  sizes.  The  sole  is  wide,  and  the  heel  low 
and  broad.  The  leather  has  to  be  of  a  specified  quality.  There  must 
De  eight  stitches  per  inch  for  the  upper  leather,  and  tlie  thread  miist 
Oe  ot  a  certain  strength  and  well  waxed.  Its  great  defect  is  the  hard 
ness  of  the  leather  and  rough  finish.     The  regulation  boot  of  the" 
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British  soldier  should  be  quite  sufficient  for  ordinary  feet,  but  as  we 
know,  there  are  trifling  peculiarities,  such  as  a  small  ankle,  high  instep, 
unusually  broad  and  short  or  elongated  and  narrow  foot,  to  which  the 
regulation  boot  does  not  always  accommodate  itself.  Tlie  recruit  is 
still  a  growing  lad,  and  in  the  first  year,  especially  under  his  training, 
his  feet  are  likely  to  get  larger.  Hence  the  two  pairs  of  boots  issued 
to  him  may  be  too  small  later  on.  When  once  moulded  to  the  foot 
by  wear,  the  regulation  boot  is  excellent.  The  Russian  Army  uses  soft 
leather  and  appreciate  it  greatly  ;  footsoreness  is  said  to  be  unknown. 

In  fitting  for  boots  they  should  be  tried  on  over  a  thick  pair  of 
worsted  socks,  and  it  is  advisable  to  have  thera  a  size  larger  than 
required,  which  allows  for  the  swelling  of  the  extremities  associated 
with  hot  weather  and  for  expansion  of  the  feet  in  marching.  We 
should  avoid  on  the  other  hand  boots  that  are  too  loose  as  they  increase 
friction.    The  fit  should  be  quite  easy  and  comfortable. 

It  is  specially  necessary  to  avoid  any  tightness  over  the  instep 
and  across  the  toes.  The  sole  should  be  pliable;  hard, "dry,  stifi"  soles 
are  very  fatiguing. 

With  a  little  trouble  in  selection  from  the  32  sizes  it  is  possible  to  give  99  per 
cent,  of  thu  men  properly -fitting  boots,  it  depends  on  the  care  with  which  officers 
carry  out  the  duty  of  supervising  the  fitting.  The  mere  placing  of  a  section  of 
men  with  a  large  box  full  of  boots  and  telling  them  to  fit  themselves  is  not 
sufficient.    This  one  has  seen  done. 

The  sole  should  be  supple,  siuce  if  it  is  too  thick  flexibility  is  lacking;  if  too 
thin,  protection  is  insufBcieut  and  the  boot  lacks  solidity.  The  insole  should  be 
slightly  concave  to  receive  the  heel  and  ball  of  the  toot.  The  uppers  of  army  boots 
are  inclined  to  be  too  thick  and  stiff,  and  sometimes  exert  undue  pressure  on  the 
inner  side  of  the  ankle. 

In  the  ideal  boot  the  sole  should  conform  in  shape  to  the  natural  foot,  which 
is  a  long  curve  on  the  outside,  while  the  inner  side  approaches  a  straight  line. 
Ample  space  for  the  little  toe  should  always  be  provided.  The  toe  of  the  boot 
should  be  slightly  rounded,  the  foot  being  towards  the  curved  aspect  rather  than  the 
centre  but  no  great  breadth  is  necessary  at  the  middle  of  the  foot  as  this  does  not 
spread'.  The  sole  should  be  a  little  wider  than  the  upper  (about  ^ "),  but  if  it  projects 
too  far,  it  tends  to  accumulate  mud. 

Briefly  then,  every  man's  boots  should  fit  well  and  be  soft.  The 
sole  should  be  sufficiently  thick,  and  yet  not  too  thick,  heavy  and 
stiff  to  prevent  the  foot  bending  at  each  step.  It  should  be  easy  to 
dry,  and  it  should  be  easily  re-soled.  It  should  be  comfortable  to 
walk  in,  and  it  should  open  well  so  as  to  be  readily  dried  inside  when 
it  has  got  wet. 

Excellent  boots  are  now  made  on  a  large  scale  by  many  factories 
in  India  out  of  indigenous  leather. 

New  boots  should  be  worn  for  some  weeks  before  taking  them  into 
use  on  field  service. 
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Master  boot-maker  for  regiments. — It  has  been  suggested  that 
a  skilled  master  boot-maker  should  be  attached  to  each  infantry  regi- 
ment, a  man  who  is  a  finished  artisan  at  his  trade,  to  effect  alterations 
in  tbe  regulation  boots  in  particular  cases.  A  number  of  cases  occur  of 
inflamed  hard  or  soft  corns  from  friction  of  ill-fitting  boots,  and  in  the 
case  of  soft  corns  also  from  dirt  between  the  toes  aggravated  by  pressure. 
These  can  all  be  prevented. 

For  field  service  the  boot  should  be  made  impermeable  to  wet. 
The  late  Prof.  Parkes  recommended  the  following  recipe  to  eflFect 
this: — Shoemaker's  dubbing,  I  pound,  linseed  oil  k  pint,  solution  of 
India-rubber  i  pint.  Dissolve  by  gentle  heat  and  rub  on  the  boots. 
This  will  last  for  five  or  six  months. 

All  boots  kept  in  the  quarter-master's  stores  should  be  rubbed  with 
dubbing  at  least  once  every  two  months. 

Dubbing  is  preferable  to  blacking  for  softening  boots — it  makes  the 
leather  softer  and  with  it  they  last  longer.  Country  castor  oil,  which  is 
obtainable  everywhere  in  India,  is  an  excellent  material  to  soften  boots, 
especially  the  uppers.  It  is  very  cheap.  The  French  use  3  parts 
mutton  fat  and  7  parts  neat's  foot  oil. 

Wet  boots  should  never  be  exposed  to  a  fire  to  dry— this  tends  to 
destroy  the  leather  and  hardens  it,  which  then  causes  rubbing  when  worn. 
If  heat  is  used  care  should  be  taken  not  to  scorch  the  leather.  It  is 
preferable  to  use  a  liberal  supply  of  dubbing  or  grease  while  the  boots 
are  still  wet,  this  will  keep  them  supple. 

Canvas  shoes  are  very  comfortable  after  a  day's  march,  and  although 
only  a  luxury  should  be  worn  when  convenient  to  do  so.  The  khaJci 
canvas  shoe  made  by  mochis,  without  lining,  is  one  of  the  most  com- 
fortable forms  of  foot-gear  when  men  are  not  on  duty,  though  not  very 
durable.  &  J 

The  full  inspection  of  all  boots  and  socks  is  urgently  called  for 
before  a  campaign.  All  socks  with  holes,  or  rough  darnings,  or  worn 
threadbare  should  be  replaced  and  condemned.  The  causes  which 
should  lead  to  condemnation  and  replacement  of  boots  are  sufficiently 
obvious  and  call  for  no  remarks. 

•  ^l^^^^  ^''^^^^  powder  in  quarter-master's  stores.— It  is 

desirable  that  every  quarter-master  should  have  in  store  (or  in  the 
canteen)  a  supply  of  powdered  boracic  acid  to  dust  between  the  toes 
and  over  any  part  that  is  rubbed. 

"^^^,.^^^5:^°"^® -Essentials  of  a  good  water-bottle.— The 
feature  —  ^'""^  ^^^^  ^^^^^''^  following 

(1)  It  "^l^^o^W^be  sufficiently  large,  not  less  than  li  (and  preferably 
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(2)  It  should  be  get-at-able  for  purposes  of  sterilisation.    The  best 

form  of  sterilisation  is  the  use  of  boiling  water,  or  actual  fire. 
To  effect  the  former  it  should  have  a  removable  top. 

(3)  Some  form  of  light  metal  is  desirable,  alumioium  being  best, 

(4)  It  should  have  a  cover  of  some  non-conducting  material  such 

as  felt,  and  this  should  be  easy  of  removal  to  get  at  the  bottle 
to  clean  it,  when  necessary. 

(5)  It  should  be  of  suitable  shape  so  as  to  be  easily  carried. 

It  has  recently  been  shown  by  a  series  of  observations  on  water- 
bottles  actually  used  on  manoeuvres  that  they  may  become  breeding 
grounds  for  disease-germs.  It  is  difficult  to  inspect  the  existing 
patterns  of  water-bottles  satisfactorily.  The  mouthpiece  of  most  water- 
bottles  is  too  large,  and  serves  to  collect  microbes  and  dirt.  It  has  been 
suggested  that  it  be  provided  with  a  screw  stopper.  The  felt  covers  of 
the  present  water-bottles  wear  out  very  quickly.  It  should  always  be 
borne  in  mind  that  it  is  dangerous  to  store  filtered  or  sterilised  water  in 
unclean  water-bottles,  or  to  mix  it  with  unfiltered  water.  Water-bottles 
should  be  kept  clean  by  scalding  in  boiling  water  at  least  twice  a 
week.    Water-bottles  when  not  in  use  should  be  kept  empty. 

The  present  pattern  of  water-bottle  is  certainly  not  a  good  one,  for 
if  it  is  once  infected  with  typhoid  fever  or  other  germs  of  water-borne 
disease  it  may  remain  infected  after  even  several  washings. 

Chief  points  connected  with  equipment. — The  question  of  equip- 
ment presents  several  points  for  consideration  to  the  military  medical 
officer,  especially  in  regard  to  the  distribution,  adjustment  and  balance 
of  the  actual  weight  of  equipment  carried  by  the  soldier,  the  effects  of 
compression  of  the  heart,  luugs  and  arms  due  to  belts  and  straps,  and 
the  general  effects  of  the  total  weight  carried  on  the  man's  physique 
and  strength.  The  two  former  points  need  not  be  here  considered  as 
the  weight  actually  carried  now  is  fairly  well  distributed  and  the  soldier 
marches  with  comparative  comfort.  Regarding  the  actual  weight  carried 
by  the  soldier  on  field  service,  there  is  a  general  agreement  that  it 
should  be  reduced  to  the  smallest  minimum  compatible  with  the  best 
fighting  efficiency. 

The  articles  of  the  personal  kit  and  equipment  of  the  soldier  of 
the  Home  Army  is  laid  down  in  Army  Order  No.  71  of  1904.  It  includes 
100  rounds  of  ammunition,  clasp  knife,  and  all  other  articles,  including 
1  pair  of  drawers,  weighing  in  all  50  lbs,  7^  oz.  This  load  should  be 
thoroughly  well  balanced  and  not  press  the  body  backwards  or  forwards. 
If  not  balanced  it  leads  to  straining  and  fatigue. 

The  load  carried  by  the  soldier  requires  to  be  arranged  with  the 
greatest  care  and  thoughtfulness,  so  that  the  weights  do  not  detract 
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from  the  man's  efficiency,  or  injure  his  health.  The  chief  points  to 
attend  to  are  that  the  weights  should  be  adjusted  so  that  when  carried 
they  fall  as  near  the  centre  of  gravity  as  possible,  and  not  outside  it. 
*'  In  the  upright  position  the  centre  of  gravity  is  between  the  pelvis 
and  the  centre  of  the  body,  usually  midway  between  the  navel  and 
the  pubis,  but  varying  with  the  position  of  the  body  ;  a  line  prolonged 
from  this  centre  of  gravity  to  the  ground  passes  through  the  centre  of 
the  ankle."  Hence  we  endeavour  to  keep  the  weights  carried  by  men 
near  the  centre  of  gravity.  The  old  mode  of  carrying  the  soldier's  great- 
coat on  the  back  of  the  knapsack  was  a  bad  one,  as  it  put  the  weight 
at  the  greatest  possible  distance  from  the  centre  of  gravity. 

These  principles  are  to  a  great  extent  utilised  in  the  bandolier 
equipment  now  in  use,  and  it  is  light  and  simple.  The  ammunition  is 
contained  in  four  pouches  in  the  bandolier.  The  mess  tin  is  carried 
either  on  top  of  the  great-coat  or  under  it  when  this  is  carried  on  the 
shoulders,  or  it  may  be  fastened  to  the  waistbelt ;  in  each  case  it  can  be 
detached  without  interfering  with  the  rest  of  the  equipment. 

The  equipment  carried  by  the  infantry  soldier  in  the  Home  Army 
at  present  consists  of : —  ^ 

Rifle,  short,  with  sling     ...  ...            .  ^8 

Sword-bayonet,  with  scabbard  ...                          "■  j  'ii 

Belt,  waist,  with  four  cartridge  pouches  ""'             ""  i 

Frog  for  bayonet             ...  "'             *•'  t.  ^„ 

Bandolier          ...             ...  "•             -  ^  4f 

Ammunition  (100  rounds)  !!'  ^  " 

Haversack,  containing  bread  or  biscuit,  emergencv  ration 

fork,  spoon,  and  tooth-brash  ...                  ^           '  ,  , 

Mess-tin  and  cover  containing  some  ration       "  '"'  o  tl 

Water-bottle,  filled,  and  strap  '•■  ^ 

Tin  of  mineral  jelly,  pull  through  and  cover     "'  n  li 

Great-coat,  with  comforter  and  a  pair  of  socks '"  n  P 

Head-dress       ...                                        ■"'  •••  6  b 

Jacket,  with  first  field  dressing  and  description  card  "■■  ?  If 

Trousers  for  kilt  and  apron,  4  lb.  .5  oz  )  "■  % 

Jersey  or  cardigan           ...  •••  1 

Braces             ...             "                          "•  •••  1  6 

Shirt,  flannel                                  ""  •••  0  4J 

Belt,  woollen,  and  socks    ..             "'            "'  •"•  ^ 

Boots,  ankle     ...             ...             ■"             •"  •••  0  8f 

P!(i!<ee8  or  gaiters                            '"             "■■  •••  3  14 

Clasp-knife  and  lanyard                  "'  •••  ^  1** 

Drawers,  one  pair              '                           '"  ■••  0  8 

...  _!.  Oj 

Total  ..50  71 


equipment  is  the 
man's 
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ofiF.  It  allows  of  the  waistbelt  being  unfastened  on  the  march,  and 
even  when  taken  ofif  will  remain  completely  assembled.  It  permits  of 
a  reasonable  quantity  of  spare  kit  being  carried  on  the  march,  and,  if 
necessary,  allows  of  the  kit-carrying  portion  being  discarded,  leaving 
the  wearer  with  his  fighting  essentials  only.  The  main  defect  of  this 
equipment  is  that  it  is  very  hot.  Its  weight  alone  is  4  lbs.  13  oz., 
and,  with  a  maximum  ammunition  capacity  of  150  rounds,  represents  a 
total  load,  without  spare  kit  and  entrenching  tools,  of  over  15  lbs. 

"The  committee  draw  the  following  conclusions  from  their 
experiments  and  observations  on  the  new  experimental  equipment: — 

The  new  equipment  is  superior  to  the  old  in  the  following  respects. 
The  weight  of  the  sack  behind  is  so  well  balanced  by  the  weight  of  the 
ammunition  in  front  that  marching  can  be  performed  with  the  belt, 
jacket  and  shirt  widely  open.  There  are  no  straps  constricting  the 
chest.    The  load  is  borne  chiefly  by  the  shoulders.    The  facility  and 


Fig.  59.  — New  Experimental  Equipment 
Front  View 


Ficr  60.  — New  Experimental  Equipment. 
Rear  View. 


rruuL  V  low.  1  •  J 

rJly  haVof  :"de^nit:°du"tion.  The  close  application  oUhe  sack 
to  toe  back  of  the  soldier  is  a  disadvantage  wh.ch  could  be  easily 
pyercome. 
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"The  full  equipment  is  comfortable,  and  the  weight  is  not  exces- 
sive for  the  man  who  has  been  progressively  trained  in  marching  with  a 
load. 

"  The  clothing  of  the  soldier  is  good  and  suitable  for  his  work.  The 
field  service  cap  gives  sufficient  protection  to  the  trained  man  wlio  has 
become  accustomed  to  exposure  to  the  heat  and  glare  of  the  sun,  but 
for  most  members  of  the  Territorial  Army  a  light  slouch  hat  would  be 
more  suitable. 

_  "The  committee  wish  to  lay  stress  on  their  former  recommenda- 
tion—' That  it  be  an  instruction  to  officers  commanding  that  the  order 
shall  be  given  to  men  on  the  march  in  warm  weather  to  open  the  jacket 
and  shirt, '  for  they  have  evidence  that  it  is  not  sufficient  to  leave  the 
initiative  to  the  company  commanders  or  to  the  men  themselves." 

The  recent  committee  on  equipment  at  Home  advise  that  the 
iollowmg  additional  essential  articles  of  spare  kit  should  be  carried  :- 

ff^^tT'^'-  T'Z  '  ^''T^  '^""^  '°^P'  P^y-book,  and  if  possible  an  extra 
flannel  shirt.    This  makes  a  total  additional  weight  of  lib  ,  or  2  lbs 

l^bs  83ir"'j,^f  ^bich  case  the  total  weight  will  be 

0-  IDS.  «4  ozs.    I  hey  consider  the  canvas  shoes  now  carried  a  luxury. 

The  rucksack  equipment  has  also  been  tried.    The  princiDle  uoon 
which  It  IS  based  is  to  give  each  man  a  light  and  usefuf  coi  Ser  for 

water-bottle  If  considerea  necessary,  as  in  an  impending  action  the 
rucksack  and  its  contents  can  be  discarded  at  once,  only  suc^h  aSs  as 

ru:dTaro7  ;re       -"''r-'^'^^^  i'^-^-^  '^be  rucksack  a 

Znl.   H  ^^''"^  '^1'^'        consisted  of  a  rectangular  bae  of 

17.  '  e  ll  W^^V'^^t'^  dimensions  of  which  are  17"  f  Ihe 
mouth  of  he  bag  which  is  situated  at  the  top,  is  closed  bv  a  runninJ 
cord,  and  wo  pockets  are  externally  attached  to  th;  rear  face  Thf 
lower  and  larger  one  is  intended  to  hold  the  mess  tin,  and  the  upper 
one  the  grease  tin  and  any  other  small  articles.    The  ma^n  portimi^nf 

the«e  stran<,  inH  fh^  i  the  sack.    Ihe  arms  are  passed  through 

uie.e  straps  and  the  latter  rest  on  the  shoulders     Wh^n  ;f 

clothing,    the  utilitv  nf  fhS  f  '       ,     ,  ammunition  or 

moments  J^.^^V  /  ^'""g^"^  about  the  man  to  impede  his 

arms  are  w      i  "''""P'''*^         ""''^  ^^^^    The  wearer's 

asT;  the  ca";  ^^^^  ^  "^V"^'  ''''''  ^«  ^^3":; 

ein  the  oidinary  form  of  equipment.    The  sack  can  be 
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carried  easily  over  the  great-coat  and  itself  has  a  carrying  capacity 
much  in  excess  of  any  other  article  of  the  l<ind.  In  packing  ttie 
rucl<sack  it  is  important  to  keep  the  weight  at  the  bottom.  Everything 
should  be  flattened  down  well ;  the  better  the  rucksack  is  packed  the 
better  it  rides.  The  carrying  straps  should  be  kept  long  so  as  to  allow 
the  weight  to  rest,  so  to  speak,  on  the  buttocks  "*.  It  is  possible  that 
some  form  of  rucksack  equipment  will  be  used  in  the  future  by  our 
European  troops,  but  whether  it  will  be  introduced  it  is  impossible  to 
say  at  present  as  the  new  experimental  equipment  (Figs.  60  an;i  61) 
possesses  most  of  its  advantages ;  the  rucksack  equipment,  however, 
has  many  advantages  for  the  Native  Army. 

Minimum  weight  to  be  carried  by  the  soldier.— A  considerable 
amount  of  work  has  been  done  in  Continental  armies  in  recent  years  in 
connection  with  the  soldier's  equipment  on  field  service,  the  general 
object  being  to  lighten  the  weight  he  has  to  carry  as  much  as  possible. 
These  weights  vary  very  considerably  in  different  armies.  In  1893 
the  infantry  soldier  in  different  armies  carried  :  — 

Russia  ...  65  lbs. 


Italy  ...  72|  lbs. 

Germany  ...  71|  „ 

Switzerland  ...  66|  „ 

France  ...  65  ,, 


Austria  ...  64 1- 

England  ...  63 

Belgium  ...  Q'U 


Changes  in  the  equipment  in  the  French  infantry.— The  dark 
blue  overcoat  and  the  red  trousers  are  retained  as  a  service  issue 
(it  is  understood  that  the  latter  are  considered  useful  as  an  indication 
for  the  artillery,  so  tl.at  they  may  not  fire  into  their  own  infantry 
comrades).    The  great-coat  is,  however  to  be  made  of  lighter  material 
than  the  present  coat,  with  a  falling  collar  and  cape,  and  bronze  buttons. 
In  place  of  epaulettes,  blue  shoulder  straps  with  a  small  roll  of  cloth 
at  the  outer  end  are  to  be  worn.    This  latter  addition  is  intended  to 
prevent  the  rifle  or  rifle-sling,  as  the  case  may  be,  slipping  ofiF  the 
shoulder  on  the  march  (the  Austrians  have  a  similar  contrivance,  but 
on  the  right  shoulder  only).    In  barracks,  but  only  exceptionally  on  the 
march,  the  soldier  is  to  wear  a  single-button  blouse  {yaveiise,  litewkd), 
which  on  manoeuvres  will  be  provided  with  a  stand  and  fall  collar.  No 
change  is  intended  as  regards  head  and  foot  gear.    The  latter  consists 
of  lace  boots  and  leather  gaiters  with  light  camp  shoes.    All  leather 
straps  are  to  be  of  the  natural  colour  (the  present  straps  are  black). 
The  knapsack  is  to  be  brown  and  soft  like  a  rucksack.    It  lies  when 
carried  somewhat  low  on  the  back,  and  has  two  straps  througli  which 
the  arms  are  passed.    On  the  rucksack  is  carried  the  mess  tin.  The 
haversack  and  water-bottle  no  longer  hang  on  straps  whibh  cross  the 
chest   and  interfere  with  the  breathing,  but  are  so  arranged  that  the 
weight  bears  directly  on  the  shoulders.    All  metal  parts  are  of  alumi- 
nium    The  weight  of  the  side  arm  and  entrenching  tool  bears  partly 
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on  the  belt,  and  partly  on  the  great-coat,  by  means  of  special  straps. 
The  soldier  also  carries  in  his  belt  three  flat  cartridge  pouches,  two  in 
front  and  one  behind,  holding  in  all  eighty-eight  cartridges  (the 
number  carried  in  the  present  equipment  Is  one  hundred  and  twenty,  in 
three  pouclies  similarly  arranged).    The  remainder  of  the  ammunition 
is  to  be  carried  in  the  company  ammunition  cart.    In  the  rucksack 
only  one  shirt,  one  soft  cap,  one  set  of  eating  utensils,  an  iron  ration, 
six  biscuits,  and  the  camp  shoes  are  to  be  carried.    In  addition,  one 
ration  bag  will  he  carried  for  every  eight  men,  and  a  water  bucket 
iWasseramei')  for  every  half  section.   The  whole  knapsack  only  weighs 
about  six  and  a  half  pounds.  All  necessaries  except  the  above-mentioned 
articles,  including  the  blouse,  will  be  made  into  a  bundle  (ballot 
individuel)  and  carried  in  the  company  baggage-cart  in  the  first  line 
transporb.  The  entire  load  carried  by  the  infantry  private  will  in  future 
be  20  kilogrammes,  as  compared  with  26-7  kilogrammes  carried  by  the 
German  soldier.    The  following  table  gives  the  comparative  weights 
of  the  present  and  the  proposed  knapsack  and  contents  :  — 


Present.  Proposed. 

Knapsack  ...  3  lbs.  8|  oz.  1  lb.  4  oz. 

Shirt        ...  ...  9oz.  lUoz. 

Cap  ...  ...  Uo7..  3ioz. 

Slices       ...  ...  2  1bs.  2oz.  2  1bs.  4oz. 

Iron  ration  ...  4  lbs.  13  oz.  2  lbs 

Mess  tin    ...  ...  13  oz.  13  oz 


In  addition,  in  the  present  equipment,  other    articles  are  carried 
in  the  knapsack,  bringing  the  total  weight  up  to  7,804  grammes  so  that 
the  total  saving  m  this  direction  is  4,804  grammes,  say   IQh  lbs.  The 
new  great-coat  weighs  only  3  lbs.  2  oz.  as  compared  with  7  lbs  8  oz  in 
the  case  of  the  present  pattern,  whilst  the  weight  of  the  water-bottle 
when  filled  is  reduced  from  2  lbs.  15  oz.  to  2  lbs.  7  oz.    The  weight  of 
these,  keeping  the  present  size  and  shape,  but  substituting  aluminium 
tor  tm  could  be  reduced  by  about  one-third.    It  is  evident  that  apart 
trom  this  the  alterations  in  the  weight  of  the  knapsack  and  its  contents 
and  the  lightemng  of  the  great-coat,  signify  a  total  reduction  of  weight 
01  about  12  lbs.,  a  very  sensible  improvement.    The  present  equipment 
including  arms  ammunition,  entrenching  tool  and  shelter  tent,  weighs 
rom  5H  to  62|  lbs      The  proposed  equipment  will  only  weigh  44  lbs 
In  view  of  the  work  of  Zdntz,  which  seems  to  show  that  any  Light  in 
excess  of  one-third  of  the  body  weight  (that  is  4o  lbs.  fo/a  lO^one 
tnan)  seriously  penalises,  in  the  racing  sense,  the  carrier,  these  reduc- 
tions can  only  deserve  the  strongest  approval  from  the  physiological 
pom  of  view     Whether  the  reduction  it  ammunition  will  meet  with 
equal  approval  from  tacticians,  or  the  reductions  of  comforts  prove  to 
tne  satisfaction  of  sanitarians,  is  another  matter  which  merits  serious 
consideraton.    There  have  been  alterations  also  in  the  comp^siC 
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and  packing  of  the  iron  ration.  Instead  of  carrying  two  days'  ration, 
one  only  is  now  carried  by  the  man,  the  other  being  placed  in  the 
transport.  The  sugar  and  coflFee  are  increased  at  the  expense  of  the 
rice  and  dry  vegetable  issue  (the  old  ration  contained  SO  grammes  of  rice 
and  the  same  amount  of  dried  vegetables,  with  21  grammes  of  sugar  and 
IG  of  coffee).  Each  man  now  carries  a  small  tin  of  preserved  meat ; 
previously  one  in  four  carried  a  large  tin  weighing  1  kilogramme 
(2  2  lbs.)  and  the  daily  allowance  has  been  raised  from  8^  oz. 
to  10  oz. 

A  great  advance  was  made  in  our  Army  when  arrangements  were 
introduced  for  having  the  valise  carried  regiraentally.  In  all  our  recent 
raancenvres  and  campaigns  this  has  been  done,  and  with  the  aid  of  our 
transport  cadres,  will  continue  to  be  done  in  future  campaigns. 

The  lighter  load  carried  by  the  Japanese,  as  contrasted  with  that 
of  the  l^ussians,  was  no  inconsiderable  factor  in  the  late  war.  It  is  said 
that  in  the  retreat  from  Liao-Yang,  the  heavy  mud  roads  with  the 
excessive  heat  of  July  1904,  together  with  the  heavy  equipment  and 
cloth  uniform,  told  greatly  against  the  Russian  troops.  It  makes  a 
serious  difference  to  a  man  during  a  long  march,  or  in  a  heavy  day  s 
fighting,  whether  he  has  to  carry  tiO  lbs.  or  40  lbs.  The  actual  weight 
carried  in  fighting  will,  of  course,  vary;  e.g.,  at  the  end  of  a  day  the 
man  will  have  eaten  his  ration,  emptied  his  water-bottle  and  fired  his 
rounds,  and  he  may  or  may  not  for  the  time  be  carrying  his  great-coat. 
The  great  point  aimed  at  is  to  reduce  the  weight  actually  carried  by  the 
man  as  much  as  possible,  and  the  means  by  which  this  is  to  be  effected 
will  doubtless  continue  to  receive  the  attention  it  deserves.  As  you 
know,  the  lighter  the  equipment  the  greater  the  mobility  of  the  force. 

Principles  regarding  the  position  and  adjustment  of  weights  carried.— 

Weights  are  best  borne  vrhen  the  iollowing  general  principles  are  attended  to: — 

1.  They  must  lie  as  near  the  centre  of  gravity  as  possible.  In  the  upright 
position  the  centre  of  gravity  is  between  the  pelvis  and  the  centre  of  the  body, 
usually  between  the  navel  aiid  pelvis,  but  varying,  of  course,  with  the  position  of 
the  body  ;  a  line  prolonged  to  the  ground  passes  through  the  astragalus  in  front  of 
the  OS  calcis.*  Hence  weights  carried  on  the  head  or  top  of  the  shoulders,  or  which 
can  be  thrown  towards  the  centre  of  the  hii^-bones,  are  carried  most  easily,  being 
directly  over  the  line  of  the  centre  of  gravity.  When  a  weight  is  carried  a^ay 
from  this  line  the  centre  of  gravity  is  displaced,  and,  in  proportion  to  the  added 
weight,  occupies  a  point  more  or  less  distant  from  the  usual  position  until,  perhaps, 
it  is^so  far  removed  from  this  that  a  line  prolonged  downwards  falls  beyond  the 
feet  the  man  then  falls,  unless  by  bending  his  body  and  bringing  the  added  weight 
nearer  the  centre,  he  keeps  the  line  well  within  the  space  which  his  feet  cover. 
In  the  distribution  of  weights  then,  the  first  rule  is  to  keep  the  weight  near  tire 
centre  •  hence  the  old  mode  of  carrying  the  soldier's  great-coat  on  the  back  ot  the 
knapsack  was  a  bad  one,  as  it  put  on  weight  at  the  greatest  possible  distance  trom 
the  centre  of  gravity. 


*  The  astragalus  and  os  calch  are  two  bones  which  form  a  bridge  for  the 
Eupport  of  the  two  bones  of  the  leg  (tibia  and  fibula). 
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2.  The  weights  must  in  no  case  compress  the  lungs,  or  in  any  way  interfere 
with  the  respiratory  movements,  or  the  elimination  of  carbonic  acid  gas  from  the 
lungs,  or  hamper  the  transmission  of  blood  through  the  lungs,  or  render  difficult 
the  action  of  the  heart.  The  old  cross-belt  and  pouch  combination  was  one  of  the 
worst  conceivable  arrangements  in  these  respects. 

3.  No  important  vessels  or  nerves  should  be  pressed  upon.  This  is  self-evident. 
An  example  of  neglect  of  this  rule  is  the  old  regulation  knapsack,  the  straps  of  which 
so  pressed  on  the  axillary  nerves  and  veins  as  to  cause  numbness  of  the  hands,  and 
often  swelling  of  the  liands  and  forearms. 

4.  The  weights  should  be  distributed  as  much  as  possible  over  the  several 
parts  of  the  body. 

Those  whose  daily  vocation  is  weight-carrying  usually  carry  their  weights 
either  (1)  on  the  top  of  the  head— because  the  weight  is  then  cornpletely  in  a  line 
with  the  centre  of  gravity  and  in  movement  is  kept  balanced;  this  method  for 
obvious  reasons  cannot  be  used  by  the  soldier  ;  or  (2)  on  the  top  of  the  shoulder- 
blades  at  their  broadest  point  above- because  at  this  point  the  weight  is  well  over 
the  centre  of  gravity,  and  it  is  also  disposed  over  a  large  area  of  the  ribs  by  the 
pressure  of  the  shoulder-blades  ;  or  (3)  ou  the  hipbones  and  sacrum-because  the 
weight  IS  near  the  centre  of  gravity,  and  is  borne  by  the  strong  bony  arch  of  the 
hips,  the  strongest  part  of  the  body.  Besides  the  foregoing,  great  Lse  is  made  of  the 
principle  ot  balancing  by  those  who  have  to  curry  great  weights. 

Military  wheel-barrows  and  push-carts. -Several  varieties  of 
military  wheel-barrows,  light  push-carts  and  the  roulesac  (which  is  a 
small  bicycle  cart,  detachable  so  that  four  men  can  carry  the  diflFerent 
parts),  have  been  devised  and  introduced  into  some  European  armies 
for  carrying  part  of  the  equipment  of  the  men.  Roidesacs  are  chiefly 
used  for  part  of  the  equipment  of  soldiers  who  by  reason  of  fatie-ue 
or  through  accident  have  to  be  excused  from  carrying  their  knapsack! 
etc  It  has  been  found  to  be  applicable  to  part  of  the  equipment 
sections  also,  and  It  is  possible  that  by  greatly  lightening  the  load 
the  soldier  has  to  carry,  it  may  have  some  influence  in  modern 
tactics.  Its  great  disadvantage  is  that  any  one  part  getting  out  of 
gear  destroys  its  utility.  ^       s  ui 

The  use  of  a  light  push-cart  has  been  suggested -one  for  each 
section  o  5  men.  This  cart  carries  the  men's  gif^t-coats^ntiench  ng 
tools,  and  100  rounds  of  ammunition  for  each  man,  the  man  carrying  h°? 
rifle,  bayonet,  accoutrements,  60  rounds,  haversack,  mess  tin  ^and 
water-bottle  The  pa  tern  of  the  cart  is  such  that  they  can  be 
pushed  by  the  men  m  turns,  or  drawn  by  an  animal.  It  s^houlS  be 
strong  enough  to  go  over  any  ground  that  can  be  used  by  the  men 
and,  if  necessary,  be  provided  with  drag-ropes  Anvthincr  tLI  .  T' 
done  to  lighten  the  burden  the  soldierliarto  can^t^l^itl  e  hi^ 
marching  power  and  make  him  less  liable  to  break  down 
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PREVENTION  OF  DISEASE  IN  PEACE  AND  FRONTIER 
WARFARE  IN  INDIA. 

A . — INTKODUCTION. 

Recent  orders  in  Home  Army  regarding  sanitary  committee 
in  future  campaigns— The  serious  attention  which  has  been  given  to 
the  subject  of  prevention  of  disease  in  war  by  the  Army  Council  at 
Home  "  has  resulted  in  the  promulgation  of  a  series  of  regulations 
instituting  the  formation  of  a  Sanitary  Committee  on  the  outbreak  o 
future  hostilities,  laying  down  its  duties  and  responsibilities,  as  well 
as  introducing  a  method  of  instruction  in  army  sanitation,  the 
following  is  a  summary  of  the  action  taken  at  Home  in  connection 
with  the  generalisation  of  hygienic  knowledge. 

Epitome  Of  recent  orders  in  Home  Army.- On  the  mobilisation 
of  a  body  of  troops  for  active  service  in  the  field,  a  sanitary  committee 
will  be  formed.    It  will  act  under  the  orders  of  the  General  Ofibcer  m 
Command.    It  will  advise  him  in  all  matters  concerning  the  mainten- 
ance of  the  health  of  the  troops  under  his  command.    A  combatant 
field  officer  is  to  be  detailed  as  president,  and  in  addition  there  will  be 
two  members  not  under  the  rank  of  field  officer-one  an  officer  of  the 
Roy^  Engineers  and  the  other  of  the  Royal  Army  Medical  Corps 
The  composition  of  the  committee  has  evidently  been  carefully  thought 
out  a?d  if  suitable  selections  are  made  it  should  be  able  to  avoid  the 
many  pitfalls  which  are  usually  associated  with  the  word  sanitation. 
The  du  ies  of  the  committee  thus  formed  cover  very  extensive  ground^ 
Among  other  points  it  is  laid  down  that  it  will  satisfy  itself  that 
Tanitafy  materials  and  appliances  of  every  description  reqmred  by 
the  foJce  are  forthcomingf  and  that  a  sufficient  reserve  supply  is  ma  i  - 
ain  d  it  wTll  assist  genemls  and  medical  officers  m  J^^^  a^°,^"|^;^^^ 
Wth  of  the  troops  by  co-ordinating,  not  only  the  work  of  the  diffeient 
mi         benches!  but'also  the  military  and  -^^"'^^ 

^T'  ^''^l  lU'^ft^^nc  r  th  ^^^^^^^ 

^t^:^:^:^^ti:^^^oocu^ea  by  troop,  advise  local^^^^^^^^ 
^^^^^^^^^^^^^ 

the  maintenance  of  ^^^^^^^^^^^^ 
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School  of  Army  Sanitation  ;  and  in  each  battalion  will  be  formed  a 
sanitary  section,  consisting  of  a  non-commissioned  officer  and  eight 
men,  who  have  been  similarly  trained. 

In  order  to  provide  for  instruction  in  sanitation  throughout  the 
Army,  a  manual  on  the  subject  has  been  issued  by  authority.*    It  con- 
tains such  theoretical  and  practical  information  as  is  considered  useful 
and  necessary  to  the  soldier.    Among  many  other  subjects  it  deals 
with  the  protection  of  the  water-supply  from  contamination,  the  steri- 
lisation of  water,  the  different  sanitary  appliances  of  armies  and  Iheir 
uses,  the  care  and  preservation  of  camping  grounds  and  general  rules 
of  cleanliness  and  health.    All  ranks  are  required  to  make  tltem- 
selves   conversant   with  its  contents,    and   it  forms    an  additional 
subject  for  examinations   and  lectures.    The   cadets   at  Sandhurst 
and  Woolwich  are  required   to  make  themselves  proficient  in  the 
manual,  and  will  be  examined  in  it  at  their  iinal  examination.  A 
course  of  lectures  on  it  has  been  added  to  the  Staff  College  curriculum. 
After  the  1st  March  1908,  all  lieutenants  were  required  to  pass  in 
this  subject  before  promotion  to  the  rank  of  captain.    Lectures  are 
given,  preferably  by  the  sanitary  officer  of  the  command,  at  various 
stations;  and  regimental  officers  are  expected  to  instil  the  principles 
of  the  new  science  into  the  minds  of  their  non-commissioned  officers 
and  men.    In  addition  to  the  above,  a  school  of  army  sanitation 
has  been  formed  at  Aldershot,  analogous  to  the  school  of  musketry 
and  signalling  classes,  at  which  officers  and  non-commissioned  officers 
will  be  practically  trained  and  granted  certificates  of  proficiency  The 
classes  are   constituted  as  follows I)  Classes  for  officers,  which 
last  for   a    month,  and  embrace  all  the  subjects  in  the  manual- 
(2)  classes  for  regimental  non-commissioned  oflScers  and  men,  who  are 
trained  to  perform  the  duties  of  the  sanitary  section  when  on  active 
service ;  (3)  classes  for  non-commissioned  officers  and  men  of  the 
:       ^'}:  ^  V         ^^'^   instructed   in    practical  sanitation  and  the 
sterihsation  of  water.    It  is  clear  that  the  Army  Council  attach  o-reat 
importance  to  this  new  departure.    They  have  worked  out  what  is 
evidently  a  far-reaching  scheme,  and  in  the  course  of  time  it  should 
make  jtself  felt  throughout  the  Army.    Without  doubt  the  British 
Army  has  hitherto  been  left  far  behind  in  the  teaching  and  practice  of 
sanitation,  and  the  measures  which  have  been  outlined  above  should 
help  to  make  up  some  of  the  leeway.    The  practical  results  to  be 
achieved  will  depend  to  no  inconsiderable  extent  upon  whethei  the 
vSaTesT        r^'  by  the  fads  of  faddists  and  e 

toT  well  ir?H  f ,  1^^^-^^pl^^tionsthat  have  been  issued  appear 
to  be  well  adapted  to  achieve  the  results  aimed  at.  and  it  may  be  con- 
ftdeu  ly  anticipated  that  their  influence  will  mak;  themselves  widely 
mian  sltfn"^!  campaigns.  It  is  urgently  necessary  that  similar  sanitarV 
oiganihations  he.  started  in  India. 


*  Manual  of  Mililary  Hygienti,  1007. 
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The  sanitary  condition  of  our  Army  in  India  is  progressively 
improving. —The  reduction  of  sickness  and  inefficiency  that  would  be 
effected  by  thoroughly  carried  out  preventive  measures  in  an  Army  on 
field  service  would  appreciably  reduce  the  accommodation  necessary  for 
the  sick,  the  ambulance  required  to  transport  them  to  the  base,  and 
proportionately  lessen  all  other  expenditure  arising  in  consequence  of 
this  reduction.    It  is  not  to  be  considered  that  we  are  in  any  sense 
behind  the  times  in  our  modern  sanitary  methods  in  India.    There  is 
scarcely  a  single  proved  practical  preventive  measure  of  recent  times 
applicable  to  our  Army  in  India  that  is  not  in  operation  in  one  form  or 
another.      That  the  Sanitary  methods    adopted  have  progressively 
improved  the  health  of  the  Army  of  our  Indian  Empire  is  well  demons- 
trated by  the  Annual  Reports  of  the  Sanitary  Commissioner  with 
the  Government  of  India,t\\e  figures  of  which  are  probably  the  most 
reliable  mass  of  statistics  published  in  any   country.    "The  health 
and  sanitary  condition  of  our  Army  in  India  has  rapidly  improved 
during  the  last      vears ;  if  we  go  back  50  years,  the  mortality  of  our 
British  soldiers  in  India  has  been  reduced  to  nearly  five  times  less 
than  it  was  then.    From  1891  to   1900  the  numbers  constantly  sick  in 
the  British  Army  in  India  was  8-6  per  cent  of  strength,  during  the  quin- 
quennium 1901-05,  it  has  been  6-09,  which  is  equivalent  to  an  increased 
strength  of  1,607  fighting  men  on  mobilisation."* 

Sanitation  and  preventable  disease -their  significance.— The 

importance  of  the  factors  of  sanitation  and  preventable  disease  m  connec- 
tion with  modern  warfare  is  now  so  universally  admitted  that  it  is  scarcely 
necessary  here  to  emphasise  their  significance.    The  later  methods  of 
conductin'^  campaigns  on  an  enormous  scale  adds  considerably  to  the 
sanitary  d"ifficulties  to  be  contended  with,  chiefly  by  reason  of  the 
largeness  of  the  forces  employed  in  fighting  and  their  aggregation  on 
a  comparatively  confined  area;  such  increased  density  of  population 
considerably  enhances  the  cares,  responsibilities  and  duties  ot  the 
sanitary  officer  should  epidemic  disease  arise.    Modern  methods  of 
fighting  may  necessitate  the  use  of  an  entrenching  cover  where  men  are 
closely  packed  almost  underground,  and  this  may,  in  either  aggressive 
or  defiensive  positions,  be  the  state  of  existence  for-  days,  weeks,  or 
months     It  will  be  at  once  obvious  that  sanitary  and  precautionary 
measures  that  might  prevent  the  occurrence  of  epidemic  disease  and 
S^en    combat    it   successfully  if  it  occurred  in  such_  comparatively 
small  forces  as  take  part  in  our  ordinary  Indian  Frontier  campaigns 
w^u  d  fail  when,  say,  the  health  of  an  Army  of  quarter  of  a  million  had 
To  be  afeguarded.    All  our  campaigns  in  India  have  been  for  year  on 
a  rektively  "mall  scale.    "  It  was  hardly  surprising  that  when  military 
oiSations  on  a  comparatively  large  scale  were  undertaken  in  bonth 
AWca!  the    aLngements,  which' had  hitherto  been  proved  to  be 

satisfactory,  completely  broke  dowm^  

-^r^^^  ^j^^  p,,,,;;^~^^^^^e,     l.  Army  Head-quarters,  India.  1907. 
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Perfection  of  Japanese  medical  and  sanitary  organisation  —The  Japanese 
have  imdoiibtetlly  broughc  their  medical  and  sanitary  arrangements  in  the  field  to 
a  wonderful  pitch  of  perfection.  Their  thoroughness  and  mastery  of  detail  in  all 
things  connected  with  the  medical  service  in  the  field  is  a  subject  that  aroiises  the 
admiration  of  military  and  medical  officers  of  all  Armies  alike — all  ofBcere  and 
others  attached  to  the  Japanese  Army  in  the  late  war  have  unanimously  expressed 
their  opinion  as  to  the  inconteetible  merits  and  the  success  of  the  Japanese  sanitary 
and  medical  service  generally  in  the  field. 

Result  of  the  work  of  Japanese  medical  service  in  Manchuria,  etc —At  the 

end  of  a  war,  when  we  come  to  consider  the  results  of  the  medical  and  preventive 
work,  the  best  standard  we  possess  is  the  proportion  of  inefficiency  from  sickness 
and  deaths  from  preventable  disease,  as  compared  with  inefficiency  and  deaths 
from  wounds  inflicted  by  the  enemy.  In  former  wars  in  Europe  the  actual 
deaths  from  disease  as  compared  with  wounds  was  6  to  1,  but  in  later  times  the 
general  average  has  been  M8  to  1  respectively.  If  we  base  our  opinion  on  this 
standard,  the  success  of  the  Japanese  was  phenomenally  great,  and  the  following 
table  shows  the  marvellous  recoid  achieved  in  the  late  war.  Their  ratio  was  1 
death  from  wounds  to  0-37  from  disease,  that  is,  the  deaths  from  disease  was  only 
one-third  of  those  in  wars  in  Europe  in  recent  times  (during  the  last  AQ  years) 
Compared  again  with  their  experience  in  the  preceding  wars  with  China  it  is  still 
more  noteworthy  :  - 


Wounded  to  sick  ... 
Deaths  from  wounds 

to  deaths  from 

disease. 


China-Japan 
War, 


Boxer  Campaign. 


1  to  6  93 


to  1209 


1  to  4-37 
1  to  197 


Russo-Japanese 
War. 


1  to  115 
1  to  0-37 


The  following  table  is  also  highly  interesting  :— 


Casualties  in  the 
field  of  battle. 

Casualties  in 
sieges. 

Casualties  in  field 
and  sieges  com- 
bined. 

China- Japan  War  ... 
Boxer  Campaign  ... 
Russo-Japanese  War 
European  War 

1  35  per  cent. 
2-66 
13-65 

12  97  „ 

1"69  percent. 
17'79  „ 

17-61  ,: 

1-  37   per  cent. 

2-  66  „ 
14-58  „ 
13-99 

by  diJease  ^'"'^       percentage  of  admissions  and  of  deaths  caused 


Percentage  of  sick  ... 
„    of  deaths  and 
disease 


China-Japan 
War. 


59-20  per  cent 
9  29   per  cent 


Boxer  Cam- 
paign. 


34-88 
4-33 


Russo-Japanese 
War. 


36-04 
2-99 


during" LTt^^fr*?t^Tsh^wLr^"  ^'^'^'^  1^03,  with  those 

fresh  cases  of  T^cknL^    II  ,1    f  ^""^  ^'°''P«  "^^re  was  6-42  per  cent  ol 

which  was  the  highest    ThLi!  ^""^'''^  Another  reported  11-18  per  cent 

per  cent.  ^         ^^'^  "^^'^'^g^  "'-^"es  of  sickness  reported  in  peace  wa5  10-31 
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The  forcgointj  statistics  lose  some  of  their  vahie  by  not  giving  figures  of  the  aver- 
age strength  of  the  forces  to  which  they  apply  for  the  periods  of  the  war;  nor  do 
they  show  on  what  strength  the  percentages  were  calculated.    We  cannot  there- 
fore use  either  the  gross  figures  or  the  percentages  for  purposes  of  exact  comparison. 
Practically  all  who  have  dealt  with  the  subject  of  medical  statistics  ot  the  late 
war,  and  with  the  diminution  in  the  proportion  of  deaths  from  disease  to  deaths 
from  wounds,  have  not  drawn  attention  to  the  great  alteration  in  this  proportion, 
namely  the  very  large  increase  in  the  number  of  wounded  and  killed  as  comparel 
with  that  of  most  recent  wars.  Great  increase  in  wounded  influence  this  pioi)ortion. 
iust  as  much  as  great  decrease  in  disease,  and  the  closer  one  e.xamines  the  hgures 
the  more  one  is  forced  to  the  conclusion  that  the  former  and  not  the  latter  condition 
has  been  the  chief  influence  at  work  in  determining  the  marked  alteration  in  tne 
proportion  of  deaths  from  disease  to  deaths  from  wounds  in  the  Russo-Japanese 
War,  as  compared  with  the  immediately  preceding  wars.* 

Gasualtiea,  Biisso- Japanese  Ifnr- 1904-05 
Killed.    Wounded.    Alissing.    Casuallies.    Total  Gasualliea. 
Officers    ...    1,657       5,307  53         7,017  ^ 

N  C  O 's  and  ^  ^ui,y<a 

men  ...    41,562  148,306         5,028       194,956  ; 
These  figures  are  up  to  30th  June  1905  for  Manchuria,  and  to  the  end  of  August 
1905  concerning  troops  in  Korea  and  Saghalin. 

The  proportion  of  officers  killed  to  officers  wounded  was     ...    1   to  3-25 
Ditto  N.-U.O.'sandmen    ...  ...  -    1  "^^^ 

Number  of  patients  admitted  into  Field  Hospitals  from  beginning  of  Russo- 


'-■J"  "n  

Wounded. 

Accidents. 

Infectious 
or  conta- 
gious 
diseases. 

All  diseases. 

Total. 

Cases 

Recovered 

Died 

146.813 
15,018 
8,304 

16,456 
4,147 
237 

17,866 
2,044 
5,961 

203,270 
23,063 
6,850 

384,405 
44,272 
21,352 

gicknessj  to  that  of  deaths  from  wounds  was  1  to  4.t 

Comparaiiie  table  of  Infectious  diseases  per  1,000  men. 


Cholera. 

Cases. 

Deaths. 

China-Japan 

50  86 

War 

82-77 

Boxer  Campn. 

Russo-Japan 

AVar 

Enteric  fever. 


Cases. 


37-14 
36-42 

926 


Deaths. 


10-98 
12  14 

516 


Dysentery. 


Cases. 


108-96 
108-71 

10  52 


Deaths. 


15-72 
3365 

268 


Malarial  fevers. 


Cases. 


102-58 
95-61 

1-96 


Deaths. 


5-29 
2-20 

0-07 


This  table  is  up  to  the  last  day  of  May  1905  as  regards  the  Russo-Japanes 


War.   

•  Journal  of  the  Royal  Army  Medical  Corps  1^^^^ 

t  Lecture  given  by  Bakon  Takaki,  -^^f -^I^-vSomas  HosP^^^^^^^^  Lo-i^O". 
Medical  Dept.;  Imperial  Japanese  Army,  at  St.  Ihomas  uospiiai,  u 

May  1906 


General, 
on  nth 
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In  the  foregoing  table  the  disappearance  of  cholera  is  noteworthy,  as  are  also 
the  facts  that  typhoid  fever  was  about  four  times  less  prevalent,  and  dysentery  about 
five  times  less  prevalent,  whilst  malarial  fevers  were  about  50  times  less  prevalent  in 
the  latter,  as  compared  with  the  former  wars. 

"These  remarkably  good  results  were  chiefly  due  to  the  progress  made  in  the 
medical  organisation  as  regards  food,  drink,  clothing,  camping  grounds,  etc.,  and 
to  the  great  pains  they  took  to  exterminate  flies  and  to  prevent  them  from  coming 
in  contact  with  the  body,  articles  of  daily  use,  and  into  the  dwelling  houses. 
Nets  were  used  for  windows  and  doors  of  houses  to  prevent  flies  coming  in.  and  also 
to  protect  exposed  parts  of  the  body.  The  extensive  use  of  mualin  nets  against 
rues,  and  at  the  same  time  against  mosquitoes,  may  possibly  be  responsible,  beside 
the  improved  sanitary  organisation,  for  the  remarkable  decrease  in  the  number  of 
typhoid  fever,  dysentery,  and  malarial  fever  cases  "  (Surgeon-General  Takaki). 

.,  ^sr®  t^he  Japanese  to  have  had  the  usual  average  number  of  sick  to  wounded 
tnat  we  have  in  Indian  Frontier  campaigns,  they  would  have  lost  to  the  force  from 
lueHicieucy  due  to  disease  over  2,000,000  men. 

Sick  soldiers  are  an  incumbrance  in  the  field.— Men  inefficient 
trom  sickness  are  an  incumbrance  in  every  sense  to  the  Army,  requiring 
medical  care,  special  accommodation  and  transport  to  the  base  It  is 
unnecessary  to  remind  you  that  in  the  presence  of  rapidly  growing 
inefficiency  from  sickness  in  the  field,  military  operations  may  have  to 
De  considerably  postponed,  as  occurred  in  South  Africa  at  Bloom- 
lontGin, 

Importance  of  a  low  average  daily  sick-rate.-A  low  average 
daily  sick-rate  in  units  is  as  important  as  a  high  average  number  of 
marksmen  m  the  annual  course  of  musketry,  and  a  low  number  of  men 

^ZZ:i^^  ^  -  ^  -  ^  — y  clean 

which  may  be  acquired  by  the  healthy  from  those  infected     They  a^e 
ch  efly  due  to  hvmg  micro-organisms  of  the  vegetable  or  animal  king 
dom  ;  for  example,  we  have  typhoid  fever  dvsenferv  Pnirl^r!^  i^' 
due  to  special  bacilU,  whilst 'rialadal  dYe^?^;^^^^^^^ 

^^^.f      ^undiscovered  and  latent  disease  in  tents  and  huts  of 

hu ts  is~f  h^?  ^''"^  undiscovered  or  latent  disease  in  tents  and 

huts  is  that  m  a  longer  or  shorter  time  one  or  more  nf  ill 

Suon.'"'^  so,al,  amount  of  cubic   space  in  tkJt^o^f.lok 
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It  is  unnecessary  for  me  to  emphasise  to  the  Gm-kha  officers  here, 
in  Lansdowne,  that  the  iuflueuce  of  the  British  officer  with  his  men  is 
paramount.  The  same  may  be  said  of  all  branches  of  the  service.  Let 
the  British  officer  be  convinced  as  to  the  potency  of  properly  carried 
out  hygienic  measures  in  reducing  sickness  and  inefficiency  in  the  Army, 
impart  his  conviction  to  his  men,  and  they  will  carry  out  his  ideas 
cheerfully.  Officers  should  realise  that  a  low  percentage  of  sick  in 
their  corps  is  as  important  a  sign  of  efficiency  as  that  of  no  men 
falling  out  on  a  long  trying  march.  It  rests  mainly  with  the  British 
officer  to  teach  his  men  how  to  keep  well  and  how  to  stand  hardship 
and  fatigue. 

B  — General  Remarks  on  Infectious  Diseases. 

Meaning  of  infection  and  contagion.— Much  unnecessary  con- 
fusion exists  as  to  the  difference  between    the  terms  infection  and 
contagion  as  applied  to  certain  classes  of  diseases.    A  contagious 
disease  is,  as  the  word  signifies,  one  brought   about  by  actual  contact, 
direct  or  indirect,  with  a  person  previously  affected,  as  occurs  m  itch, 
ringworm  etc.,  or  by  the  direct  transmission  of  the  virus  through  an 
intermediate  individual,  provided  that  the  micro-organism  has  not 
multiplied  outside  the  body.    The  term  is  usually  applied  to  a  disease 
that  is  capable  of  being  communicated  to  healthy  persons  by  actual 
contact  with  those  who  are  affected.    Syphilis  is  eminently  contagious, 
either  directlv  from  one  person  to  another,  or  indirectly,  as  by  smoking 
an  infected  pipe.    It  is  thus  seen  that  contagion  is  eminently  a  limited 
type  of  infection.    The  term  infection  is  mostly  applied  to  diseases 
that  are   communicable  through  germs  from  air,  water  or  food,  ihe 
disease  can  pass  from  one  person  to  another  without   any  immediate 
contact  between  the  two.    There  are  various  ways  m  which  this  may 
hamien— by  the  discharges  from  the  patient,  expectoration,  from  the 
skTn!  clothing,  infected  dust,  etc.    All  infective  diseases  are  likewise 
contagious.    It  is,  however,    difficult  to  draw  a  hard-and-fast,  hne 
betweL  infectious  and  contagious  disease,  nor  is  this  necessary  sodong 
as  we  understand  what  the  terms  signify. 

Some  diseases  are  communicated  by  the  discharges  only, 
cholera  bacillary  dysentery,  by  their  germs  gaining  access  to  the 
^°mentary  tiJ  through  water,  air  or  food;  influenza  measle^ 
nneumon?a  and  tuberculosis  through  the  expectoration  ;  typhoid  fev^r 
•CSh  th;  stools  and  urine.  Some  diseases  are  acquired  brough 
in  3  armalaria  through  infected  anophelines,  bubonic  plague  through 
iXted  raT  fleas,  relapsing  fever  through  the  bed  bug  ;  some  through 
wounds  and  scratches,  as  tetanus  and  hydrophobia. 

It  is  DrObable  that  in  the  future  other  diseases  will  be  shown  to  be 
^.rrved  in  this  cou^  by  insects  or  animals.  Flies  are  active  earners 
f^dt^oL^^-nd  dysentery  bacilh  and  in  many  towns 
in  India  play  an  important  part  in  the  spread  ot  these  diseases. 
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Meaning  of  specific  disease. — A  speoifiG  disease  is  one  which  is 
conveyed  by  one  cause  alone,  a  particular  species  of  microbe  or  proto- 
zoon,  and  no  other.  Thus  malarial  fevers  are  due  to  the  introduction 
into  the  body  of  one  or  other  form  of  the  malarial  parasite,  and  by  no 
other  cause. 

General  infective  diseases. — The  general  infective  diseases  are 
those  in  which  the  microbes  develop  and  multiply  in  the  blood  stream, 
so  that  inoculation  of  a  sound  person  (or  one  not  protected)  with  the 
blood  of  a  person  suffering  from  such  a  disease,  would  almost  certainly 
cause  the  disease  if  a  sufficient  quantity  were  so  inoculated. 

Endemic  diseases— Some  diseases  occur  in  certain  places  only, 
and  are  more  or  less  constantly  present  in  those  places ;  they  are  said 
to  be  endemic.  Of  this  kind  we  have  in  India  malarial  fevers  (and  the 
sequels  arising  from  them,  such  as  enlargement  of  the  spleen,  antemia, 
malarial  cachexia),  dysentery,  infective  diarrhoea,  kala-azar,  etc 

Epidemic  diseases  —Every  now  and  then  we  have  out-breaks 
of  disease  which  attack  many  persons  at  the  same  time  and  in 
the  same  place,  spreading  far  and  wide.  Diseases  beginning  and 
spreading  in  this  way  are  said  to  be  epidemic.  Epidemic  diseases 
are  to  a  large  extent  preventable;  most  of  the  endemic  diseases 
can  also  to  some  degree  be  kept  under  control,  and  we  can  generally 
lessen  their  severity  and  prevalence.  fSome  epidemic  diseases  have 
entirely  disappeared  from  certain  countries  and  endemic  diseases  have 
ceased  to  exist  in  others.  The  term  pandemic  is  applied  to  an  epide- 
mic disease  which  spreads  widely  and  rapidly  over  a  country,  or  invades 
severa  countries  rapidly  one  after  another.  Influenza  and  dengue  are 
typical  of  this  class  of  epidemics. 

_  When  a  disease  which  is  ordinarily  epidemic  occurs  occasionally 
m  a  community  as  an  isolated  case  it  is  said  to  be  sporadic. 

In  areas  of  epidemic  disease  the  specific  cause  may  in  different 
cases  remain  m  the  soil,  in  water,  or  in  the  bodies  of  the  inhabitants 
or  be.  kept  up  by  the  additions  of  fresh  cases  of  the  disease  in  the 
eommumty.  In  epideniic  disease  the  conditions  which  favoui  the 
continuance  of  the  life  of  the  specific  cause  are  as  a  rule  of  a  te'nporary 
na  ure,  unless  here  are  fresh  importations  of  that  cause.  DiX 
epidemic  of  cholera  cases  of  diarrhc«a  occur  and  it  is  highly  probable 
tha  some  of  these  cases  of  diarrhea  are  really  mild  ones  of  (ambulant*) 
ttfoahe'];™  d^  but  are  activi  dt^mina-^ 

it  is  [rb^bttafc'^^P  '  the  disease  is  imported  and  does  not  take  root, 

bodie   of  fhn       r  !  .'P'"'""  contained  in  the 

the  «?illd  L!fV^         '  ''"'^"^S  ""'^  ^"^d  dejecta,  but 

tbe^soU^watera^  ^^^^^ 

*  See  article  Cholera,  Part  IV.  ~         ~  ' 
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the  conditions  favouring  the  continuance  of  the  disease  cease  and  the 
disease  dies  out.  These  conditions  in  the  life-history  of  germs  are 
typically  illustrated  in  the  explosive  epidemics  of  enteric  fever  and 
cholera  that  occur  in  India. 

Epidemic  disease,  even  when  repeatedly  imported  into  places 
unfavourable  to  its  continuance,  neither  extend  nor  remain.  Cholera 
and  plague,  and  even  yellow  fever,  have  several  times  invaded  the  United 
Kingdom  during  the  last  fifty  years,  but  never  took  root  there  nor  spread 
epidemically.    We  are  becoming  more  doubtful  about  the  occurrence 
of  spontaneous  epidemics  of  disease  in  communities,  and  are  more 
inclined  to  the  view  that  importation,  often  unknown  and  undiscovered, 
is  at  the  bottom  of  most  such  epidemics.    We  cannot  at  present  deny 
the  possibility  of  such  spontaneous  epidemics  arising  from  latent  loci 
of  specific  bacilli  or  their  spores,  and  of  such  bacilli  possibly  being 
suddenly  rendered  virulent  by  some  change  in  the  conditions  of  their 
physical  environment,  and  then  in  this  state  invading  the  human  body. 
Such  passage  of  infective  microbes  through  man  in  many  diseases 
intensifies  the  virulence  of  such  microbes. 

With  endemic  disease  there  are  always  local  conditions  which  favour 
its  continuance  in  the  area  in  which  it  occurs. 

The  spread  of  all  epidemic  disease  is  lessened  by  all  ranks  living 
healthy  lives,  by  living  in  accordance  with  the  rules  laid  down  in  the 
foregoing  pages-keeping  their  bodies  clean,  using  pure  water,  whole- 
soml  food  living  in  well-ventilated  barracks  and  surroundings,  obeying 
the  instructions  isbued  for  their  guidance  by  medical  officers  of  units, 
cantonment  sanitary  officers,  and  divisional  sanitary  officers  and  others 
in  authority  on  field  service. 

During  periods  of  epidemic  disease,  no  change  should  be  made  in 
the  ordinary  regular  habits  of  daily  life.  Special  precautions  are 
necessary  as^egards  water-supply,  the  food  and  cooking,  avoidance  of 
yatlgue  'and  unnecessary  exposure,  ^tt-tion  to  the  sani^^^^^^^^^^ 
barracks,  huts,  tents  and  their  surroundings,  but  in  this  Jitter  such 
measures  as  disturbing  deposited  Juried  filth  are  to 
There  should  be  no  apprehension  of  acquiring  infection ,  such  tear 
iredTsCes  to  disease.  It  is  rare  for  healthy  people  iving  m  healthy 
TrS  and  amidst  clean  surroundings  to  acquire  infectious  disease. 

The  white  cells  of  the  blood,  especially  those  known  as  phagocytes, 
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many  cases  they  tend  to  overwhelm  the  vital  processes  by  the  poisons 
they  produce.  In  this  latter  case  the  medical  officer  attempts  to 
keep  the  patient  alive  until  the  natural  powers  of  getting  rid  of  the 
germs  are  brought  forward. 

Whilst  we  have  made  considerable  advances  in  our  knov/ledge 
of  the  history  of  many  infectious  diseases  we  have  still  much  to 
learn  regarding  their  epidemiology  and  bacteriology  before  methods 
of  arresting  and  controlling  this  class  of  disease  in  cantonments 
can  be  considered  perfect.  There  are  in  reality  few  disease- 
germs  regarding  which  our  knowledge  can  be  said  to  be  complete. 
Some  diseases  attack  both  men  and  animals  and  are  communicable 
from  the  one  to  the  other.  Regarding  some  we  only  know  their 
effects  on  man  and  how  they  may  be  cultivated  artificially  outside 
the  body,  whilst  we  know  nothing  about  their  conditions  of  natural 
life.  The  bacteriological  studies  that  are  being  carried  on  through- 
out the  civilised  world  are  slowly  giving  more  light,  and  helping 
us  to  ascertain  the  most  potent  methods  of  arresting  and  controlling 
disease. ^  The  main  basis  of  all  preventive  measures  in  infectious 
disease  is  a  knowledge  of  the  conditions  of  the  life  of  specific  bacteria. 

It  is  unfortunately  the  fact  that  the  germs  of  specific  disease  may 
exist  in  apparently  healthy  persons,  through  whom  these  germs  may  be 
disseminated  in  communities.  It  is  diflScult  to  deal  with  such  "  carriers" 
of  disease,  partly  because  they  are  mostly  unaware  of  the  fact  that 
they  are  carriers,  and  partly  because  their  isolation  is  extremely 
difficult  to  carry  out  efficiently  in  large  communities. 

Some  infectious  diseases  are  to  a  considerable  extent  under  our 
control  when  all  the  methods  of  modern  sanitary  science  can  be  properly 
applied— notification,  isolation,  disinfection,  vaccination  and  other 
sanitary  measures.  This  is  the  case  with  small-pox,  cholera  and  certain 
other  infectious  diseases.  Other  diseases  such  as  influenza  and  dengue 
appear  to  be  uninfluenced  by  precautionary  measures.  Others  again, 
from  their  widespread  nature,  and  the  want  of  knowledge  on  the  part  of 
the  people,  appear  to  be  only  slightly  amenable  to  preventive  measures 
e.g.,  tuberculosis  of  the  lungs,  although,  theoretically,  this  is  essen- 
tially a  preventable  disease. 

In  many  of  these  diseases  the  definite  cause  is  some  special 
lorm  of  micro-organism  and  the  same  explanation  as  to  cause  is  inferred 
m  the  case  of  the  others  on  account  of  their  common  characters. 

All  diseases  due  to  bacteria  in  the  system  have  a  shorter  or  longer 
period  of  incubation,  a  period  of  rapid  multiplication  of  germs  associa- 
tea  with  severe  symptoms,  and  a  period  of  decline.  Exposure  to  infection 
may  not  produce  disease  as  the  actual  numbers  of  microbes  introduced 
into  the  body  may  not  be  sufficient,  the  virulence  of  the  microbe 
may  be  very  low,  or  the  resistance  of  the  tissues  may  be  sufficient  to 
prevent  invasion. 
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Infective  diseases.— These  are  practically  all  communicable  from 
one  person  to  another.    Each  disease  has  a  definite  duration  No 
symptoms  occur  for  some  time   after  infection  takes   place.  The 
interval  of  time  between  the  actual  infection  and  the  appearance  of  the 
firsb  signs  or  symptoms  of  the  disease  is  called  the  jjeriod  of  incuba- 
tion.   When  the  incubation  period  has  elapsed  the  typical  symptoms 
of  the  disease  appear  and  last  for  a  certain  time  during  which  death 
may  occur.    After  the  active  period  of  the  disease  is  survived  recovery 
usually   takes  place.    A?  a  rule  one  attack  of  these  diseases  is  not 
followed  by  a  subsequent  attack  in  the  same  individual  within  a  certain 
limit  of  time  :  the  attack  confers  immunity  from  that  disease,  'Ihere 
are  several  exceptions  to  this,  e.g.,  cholera  may  occur  in  the  same  person 
more  than  once  and  that  even  within  a  year ;  plague  has  frequently 
attacked  the  same  person  more  than  once,  even  small-pox  may  occur 
twice  in  the  same  person,  though  this  is  exceedingly  rare.    It  is  import- 
ant in  the  prevention  of  the  spread  of  infectious  disease  to  remember 
that  the  period  of  infection  lasts  from  the  earliest  symptoms  (in  one  or 
two  cases,  such  as  measles  and  mumps  even  before  such  symptoms 
appear)  until  the  patient  has  completely  recovered,  which  in  the  eruptive 
fevers  meaus  until  the  last  scales  have  fallen  from  the  skm,  and  m  the 
case  of  cholera  and  enteric  fever  until  all  bacilli  of  the  disease  cease  o 
be  discharged  in  the  excreta  (see  Enteric  Fever  and  Cholera).  Ihe 
perSdrof  incubation  given  below  are  the  averages  from  large  numbers 
of  cases,  but  they  may  be  extended  or  lessened  under  varying  circum- 
s tances  such  as  the  dose  and  degree  of  virulence  or  attenuation  of  the 
mkiS  received,  degree  of  suscel^^^^^^  immunity  of  the 

patient,  etc. 

The  following  table  gives  the  periods  of  incubation  and  infectiousness 
of  the  chief  communicable  diseases  met  with  in  troops  in  this  country  : 


Diseases. 


Small-l-ox  ... 
Dengue 
luflueuza  ... 
Relapsing  fever 

Enteric  fever 

Cholera 

Malaria 


Period  of  incubation. 


Periods  of  infeciivity. 


I'lague 

Tuberculcsis 

"  Sand-fly  "  fever 


12  days. 

3  days,  may  be  5  or  6. 

A  few  hours.  . 

A  few  hours  to  12  days, 

commonly  5  days, 
5  to  21  days,  commonly 

11  days. 
A  few  hours  to  5  or  6  days 

1  to  3  weeks. 


2  to  5  days. 

3  weeks 

3^  to  7  days. 


6  weeks  usually. 
2  << 

1  or  2  weeks. 

4  weeks  usually. 

6      ,,  X 

2  ,<  )> 

Not  transmissible  from 
person  to  person  ex- 
cept by  transfusion  of 
blood  and  bites  of  in- 
fected anophelines. 

3  weeks  or  more. 
2  days. 
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The  period  of  infectivity  means  the  time  during  which  the  disease 
may  be  communicated  to  others. 

Types  of  acute  infectious  disease- — Most  cases  of  acute  infectious 
disease  occur  in  three  forms — mild,  needing  little  active  treatment ; 
malignant,  in  which  remedies  can  do  little  good ;  and  a  third  class 
between  these  two  in  which  much  may  be  done  by  nursing  and  skilful 
treatment. 

Spread  of  infection.  —\.  By  air.  The  germs  of  small-pox,  measles, 
chicken-pox,  mumps,  influenza  and  tuberculosis  can  be  carried  by  the 
air.  In  most  infectious  diseases,  the  probable  distance  that  germs 
travel  in  air  is  short,  and  it  is  likely  that  only  in  the  case  of  small- 
pox, influenza  and  tuberculosis,  can  the  infection  be  carried  any  great 
distance. 

2.  By  water  and  food.  Typhoid  fever,  cholera  and  dysentery  are 
notoriously  water-borne  diseases.  Infected  milk  may  also  spread  these 
three  diseases  and  also  tubercle  and  possibly  measles.  In  Europe 
infected  milk  spreads  diphtheria  and  scarlet  fever. 

^.  By  clothes.  Small-pox  and  plague  have  a  special  proclivity  to 
he  dormant  for  long  periods  in  clothes  and  in  the  furniture  (especially 
if  upholstered)  of  the  sick-room.  Infected  books  and  toys  may  also  be 
instrumental  in  spreading  infectious  disease. 

4.  By  man  and  insects.    Man  is  a  carrier  of  many  diseases  and 
the  infection  may  be  from  the  lungs,  skin,  faeces  and  urine.    We  know 
that  various  insects  carry  infectious  diseases  ;  flies  carry  typhoid  fever 
cholera,  and  dysentery  ;  mosquitoes  carry  malaria,  and  "sand-flies'' 
carry  "  sand-  fly  "  fever. 


Life-history  of  the  house  fly.— House  flies  for  choice  lav  their  ecraR  i« 

betweeu  72^  F.  and  95=  F    w  W  n^f^^    S      -f.^  ■ "®            In  a  temperature 

moisture  (which  is   essentiln    and  H  .1  ^  sufficiency  of 

development  is  rapid  Tnd  uStHrrlt  i    P"^^"^^  fermentation  processes, 

to  hatch  into  larT^Thich  cont  n^^^^^^^^^  ^°  "iree  days 

pup^,  which  proceeds  to  form  X  ^magines  ^r  V^  ^rn^e'r^'^P 

through  in  8  days,  but  it  usually  occuuies  12  9n  i  If  -  ^'^""l^^  "^^1  goue 
are  the  average  limes  in  the  diVerent  sfagL  of  development'*:-™'^^ 

weather.  Cold  weather. 

llfL  Two  days. 

PupjB  "'  •;•        n,  Fourteen  days. 

Three  days.  Five  days. 


Fliell'SmTjolf^^^^^^^         ^^'^  'P^-'"^  I-f^'^t'on  of  Enteric  Fever  iy 
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it  ...I  Vf""^"'",  underground,  or  in  the  midst  of  a  lieap  of  rubbish  whence 

It  works  ts  way  by  the  aul  of  the  ptiliuum  or  frontal  sac.    When  first  ^et  free  from 

^fJXLlT  \'  ^"'i       ^"'^f^'^^  =  before  t  ea,   fly  i^s 

wings  have  to  dry.    The  imago  is  fully  mature  in  about  12  days,  and  eggs  are 

hi  e°ach1roo5        "  sexes  have  paired  ;  there  are  from  120  to  l¥o  eggs 

Flies  cannot  breed  or  multiply  when  collections  of  moist  organic 
matter  are  absent,  as  sxich  organic  matter  is  essential  to  the  growth  of 
their  larvjB.  Human  excreta  are  in  this  country  the  chief  source  of  the 
common  house  fly.  No  place  upon  which  ordure  is  deposited  can  be  said 
to  be  of  itself  unsuitable  for  the  development  of  flies,  provided  flies  can 
reach  the  ordure,  and  provided  the  maggots  can  either  by  falling  or 
crawling  reach  a  place  in  which  to  pupate.  For  the  larvse  of  flies  48 
hours  is  suflBciently  long  feeding  time  to  permit  of  the  post-maggot 
stages  being  gone  through.  After  48  hours  the  maggots  do  not  require 
moisture  beyond  any  which  they  may  be  supposed  to  get  from  the  air. 

A  host  of  flies  in  an  inhabited  place  is  proof  that  there  is  defective 
removal  of  dry  and  liquid  refuse  of  some  kind.  A  plague  of  flies  in  a 
locality  where  general  infective  disease  exists  is,  in  some  cases  at  least, 
likely  to  be  associated  with,  and  partly  responsible  for,  the  dissemination 
of  such  disease  by  carrying  infective  microbes  about  on  their  feet,  wings, 
and  bodies.  Camps  or  barracks  which  are  infested  with  flies  will  sooner 
or  later  become  foci  of  infective  disease,  and  probably  more  than  one 
such  disease.  - 

Prevention  of  the  spread  of  infectious  diseases.— We  cannot 
adopt  any  set  plan  for  the  prevention  of  all  infectious  diseases  ;  the 
method  of  procedure  in  the  case  of  small-pox  is  distinct  from  that 
adopted  in  plague,  different  for  cholera,  and  so  on.  The  measures 
adopted  to  prevent  the  diffusion  of  infectious  diseases  are  based  on 
what  we  know  of  the  natural  history  of  these  diseases. 

The  spread  of  infectious  diseases  is  best  prevented  by  carefully 
obeying  the  instructions  given  by  sanitary  or  other  authorities.  These 
instructions  usually  include  the  following  precautious  :  — 

1.  Isolation. — Infected  persons  should  be  at  once  separated  from 
the  healthy  and  sent  to  hospital. 

2.  Quarantine. — Those  who  have  been  exposed  to  infection  should 
be  isolated  separately  and  kept  under  observation  until  the  period  of 
incubation  of  the  disease  in  question  has  expired.  The  segregation  of 
persons  suffering  from  infective  disease  (and  of  those  who  have  been  in 
contact  with  such  persons)  from  the  healthy  is  of  the  utmost  import- 
ance. In  the  case  of  such  diseases  as  small-pox,  typhus  fever,  plague, 
and  cholera,  all  persons  who  have  been  in  contact  with  such  should  be 
segregated.  This  should  be  cheerfully  submitted  to  as  it  forms  an 
important  part  of  the  measures  for  preventing  the  spread  of  infection. 
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Segregation  of  "  contacts  "  has  to  be  carried  out  for  the  length  of  the 
incubation  period  of  the  disease  for  which  it  is  adopted.  The  periods 
of  incubation  are  given  on  p.  401. 

Temporary  infectious  diseases'  hospitals. — The  least  expensive 
and  probably  the  best  temporary  infectious  diseases'  hospitals  are  made 
from  bamboo  and  matting  both  as  regards  roof  and  walls.  In  very  hot 
places  a  thatch,  grass  or  chapjoer  roof,  supported  on  wooden  posts,  is 
preferable.  The  bamboo  mat  walls  should  be  arranged  in  strips  so  that 
they  can  be  raised  ;  the  patients  may  thus  live  almost  as  if  in  the  open 
air.  The  floor  should  be  raised  a  few  feet  above  the  level  of  the 
surrounding  surface. 

Tents  may  also  be  used  as  temporary  hospitals,  those  in  which  the 
side-walls  can  be  completely  raised,  such  as  the  European  privates' 
tents,  being  the  best.  Old  or  condemned  tents  may  be  used  for  this 
purpose. 

3.  Disinfection. — The  disease-germs  must  be  destroyed,  wherever 
this  is  practicable. 

The  infective  germs  may  attach  themselves  to  the  persons,  clothing 
and  bedding  of  infected  persons,  to  a  less  extent  to  the  walls,'  ceilings, 
fittings  and  floors  of  rooms.  In  most  cases  the  admission  of  abund- 
ance of  light,  free  ventilation  and  thorough  scrubbing  with  soap  and 
water  is  sufficient.  Clothing  and  bedding  must  be  thoroughly  disin- 
fected by  steaming  or  the  use  of  liquid  disinfectants. 

4.  Artificial  immunisation.— In  the  case  of  small-pox  the  disease 
can  be  checked  in  its  spread  and  could  eventually  be  stamped  out  by 
efficient  vaccination  and  re-vaccination,  which  confer  immunity  from 
the  disease ;  plague  can  be  prevented  for  six  months  by  anti-plaeue 
inoculation,  typhoid  fever  for  IJ  to  2  years  by  anti-typhoid  vaccination, 
and  cholera  for  several  months  by  anti-cholera  vaccine. 

A  century  and  a  half  ago  inoculation  of  small-pox  virus  was 
practised  m  England  as  it  is  now  by  various  tribes  of  hillmen  in  the 
Himalayas.  A  large  number  of  our  Gurkhas  and  Garhwali  troops 
before  enlistment  have  been  so  inoculated.  In  this  the  active  living 
germ  of  the  disease  is  introduced,  and  the  result  is  that  not  only  do 
the  people  die  from  It,  but  epidemics  of  it  are  spread  by  this  nractice 
We  now  vaccinate  after  the  germ  or  virus  has  been  passed  So  "^^^ 
the  calf.  We  give  the  calf  human  small-pox,  which  in  its  trS 
mission  through  the  ammalis  attenuated  and  robbed  of  its  virulence, 
vhtrfh'  fl    1       f  f  If  but  produces  a  series  of  blisters  from 

which  the  fluid  IS  abstracted  and  mixed  with  chemically  pure  glycerine 
With  this  capillary  glass  tubes  are  charged  and  from  these  tSbes  man 

11  cm  small-pox.    Inoculation  against  typhoid  fever  is  based   on,  the 
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same  principle,  except  that  in  the  latter,  the  killed  germs  are  inoculated 
on  two  occasions  at  intervals  of  8  days,  giving  rise  to  sliaht 
general  disturbance  and  protecting  in  most  casts  from  the  disease. 
Untortunately  this  protection  against  typhoid  fever  is  not  absolutes 
nor  does  it  continue  as  a  rule  for  more  than  1 1  to  2  years,  and  the  hopes 
originally  entertained  that  it  would  eradicate  typhoid  fever  from  the 
Army  have  been  disappointed.  But  these  1^  to  2  years'  protection  is 
important  to  the  young  soldier,  especially  after  arrival  in  India,  as  he  is 
then  at  the  most  susceptible  age  for  acquiring  the  disease,  and  his 
resistance  is  lowered  by  reason  of  his  change  of  life  and  the  process  of 
acclimatisation  he  is  going  through  on  arriving  in  a  warm  climate. 
Ul  1,963  men  inoculated  at  home  in  1906  and  1907,  no  cases 
occurred  in  the  A^ear,  whilst  there  were  56  cases  with  7  deaths  among 
those  not  inoculated,  the  respective  ratios  being  nil.  and  6-3.  During 
the  same  period  2,130  men  were  inoculated  in  India  ;  among  these 
there  were  8  cases  with  1  death,  while  among  those  not  inoculated 
there  were  770  cases  with  101  deaths. 

Similarly  we  may  obtain  protection  from  other  diseases,  e.g.,  by 
inoculating  animals  with  the  germs  of  diphtheria,  tetanus,  etc.,  and  then 
obtain  a  serum  from  their  blood  which  protects  man  from  the  action  of 
the  living  germs  which  gain  access  to  the  body.  There  is  great 
probability  that  in  future  years  protective  inoculations  will  be  practised 
against  many  other  infective  diseases.  The  whole  subject  of  such 
inoculations  is  a  rich  field  for  investigations  in  connection  with  preven- 
tive medicine. 

The  chief  protection  against  attacks  of  particular  infectious  germs 
is  entirely  personal,  residing  in  the  person's  own  system,  especially  in 
the  white  blood  cells  and  the  serum,  the  former  eating  the  germs  and 
the  latter  neutralising  the  poisons  created.  The  amount  of  protection 
therefore  varies  very  considerably. 

. 

One  of  the  means  of  protecting,  and  in  some  cases  even  treating, 
certain  infectious  diseases  at  the  present  day,  is  to  increase  the  protec- 
tive power  of  the  white  blood  cells  and  serum.    The  general  method 
of  doing  this  is  by  introducing  small  doses  of  the  poison  which  brings 
about  a  stimulation  of  the  white  blood  cells  and  the  creation  of 
neutralising  antitoxins  in  the  blood.    This  is,  for  example,  the  basis  of 
the  treatment  of  tuberculosis  by  injecting  small  doses  of  tuberculin. 
The  amount  of  protection  varies  in  different  persons  and  in  the  same 
person  at  di^erent  times.    The  chief  factors  affecting  this  protection 
are — age,  errors  in  diet  generally,  excesses  in  alcohol,  fatigue,  hard- 
ships, injury,  and  inclement  weather.    The  effect  of  age  is  seen  in  the 
great  liability  of  our  young  European  soldier  to  acquire  typhoid  fever 
in  India.    This  age  influence  to  enteric  is  emphasised  when  it  is  associa- 
ted with  fatigue  and  exhaustion,  and  especially  under  the  strain  of 
campaign  life,  or  during  the  change  from  a  temperate  to  a  hot  climate 
by  which  there  is  created  a  disturbance  in  the  physiological,  work- 
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ings  of  the  body  which  is  accommodating  itself  to  the  change,  and 
with  this  disturbance  there  is  lowered  resistance.  When  vitality  is 
below  par,  or  the  dose  of  the  poison  which  has  gained  access  to  the 
system  is  large,  protection  is  overcome.  The  maximum  of  protection 
is  normally  afforded  by  persons  being  thoroughly  fit  and  leading  healthy 
lives  amidst  wholesome  surroundings.  Protective  inoculations  aim  at 
increasing  the  resisting  powers  to  the  action  of  disease-germs.  In 
protective  inoculations  we  inject  small  doses  of  the  microbes  and  their 
products  to  protect  from  future  attacks  or  lessen  the  severity  of  such 
attacks  if  they  occur. 

5.  Notification- — When  a  case  of  infectious    disease  occurs  it 
should  be  notified  to  the  senior  medical  officer,  the  principal  medical 
officer,  and  the  sanitary  authorities,  who  will  take  prompt  steps  to  stop 
the  spread  of  the  disease.    The  practice  of  suppressing  information 
regarding  infectious  disease  either  in  cantonments  or  on  field  service 
is  most  dangerous.    When  made  known  in  cantonments  or  on  field 
service,  we  obtain  the  co-operation  of  every  official  concerned  in  the 
eradication  of  the  disease,  and  such  eradication  is,  as  a  rule,  speedily 
effected ;  whereas  when  suppressed  new  foci  of  the  disease  are  started 
it  makes  headway  rapidly ;  under  this  circumstance,  it  is  extremely 
difficult  to  stamp  out  the   disease.    The  early  recognition  of  acute 
infectious  diseases  is  of  great  importance  from  the  standpoint  of  pre- 
vention in  the  Army  on  account  of  the  spread  of  infection  if  precau- 
tions are  not  taken.    This  is  specially  the  case  in  all  large  bodies  of 
men  in  barracks  and  camps. 

Method  of  investigating  the  origin  and  course  of  infectious 
disease-  — When  an  epidemic  disease,  other  than  such  rapidly  spread- 
ing and  uncontrollable  diseases  as  influenza  and  dengue,  breaks  out  in  a 
community,  one  of  the  first  duties  of  the  local  medical  authorities, 
through  their  sanitary  officer,  is  to  enquire  as  to  the  manner  in  which 
the  disease  was  imported  and  how  it  is  being  disseminated.  In  this 
enquiry  the  sanitary  officer  endeavours  to  ascertain  the  origin  of  the 
earliest  cases.  Where  compulsory  notification  of  communicable  disease 
18  rigidly  enforced  and  practised,  there  should  be  no  difficulty  in  this, 
but  there  are  numerous  reasons  for  evading  such  notifications,  and  in  this 
country,  at  least,  the  disease  has  usually  spread  to  several  foci  before 
this  enquiry  is  properly  commenced,  and  then  there  is  the  utmost 
cliftculty  in  ascertaining  its  precise  method  of  origin.  Similar  diffi- 
culties arise  when  several  imported  cases  are  simultaneously  spread 
over  different  and  widely  separated  areas  of  a  cantonment  or  field 
lorce.  Where  no  importation  can  be  traced,  it  is  possible  that  the  germ 
01  the  disease  may  have  been  latent  in  the  locality. 

The  use  of  what  is  called  a  "  spot  map  "  is  invaluable;  the  sanitary 
otticer  marking  on  it  the  barracks,  huts  or  tents  in  which  all  fi'esh  cases 
occur.  Ihis  at  once  indicates  the  lines  of  extension  or  decrease  of  the 
can?p?f  ^^^i"be  seen  in  discussing  the  individual  diseases,  the 
causes  lavounng  epidemics  differ  ;  thus  a  widespread  epidemic  of  cholera 
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is  certainly  due  to  contaminated  water,  and  one  of  small-pox  to  the 
existence  of  a  large  number  of  persons  unprotected  by  previous  vaccin- 
ation and  revaccination  in  the  community  ;  a  localised  outbreak  of 
typhoid  fever  in  a  large  community— where  all  the  community  get  their 
water  and  milk-supply  from  the  same  sources— is  probably  in  some 
way  connected  with  defects  in  the  method  of  removal  of  the  excreta 
or  contamination  of  the  soil  in  the  affected  area. 

All  epidemics,  however,  are  favoured  by  neglected  sanitation,  and 
every  effort  should  be  made  to  lessen  or  remove  all  defective  sanitary 
conditions.  In  all  cases  we  should  also  prevent  the  importation  of  fresh 
cases,  and,  whenever  possible,  isolate  all  cases  occurrine;  in  the  community 
and  endeavour  by  disinfection  to  destroy  the  local  foci  whence  the 
disease  may  be  disseminated.  The  isolation  of  cases  means  the  separa- 
tion of  the  infected  from  the  healthy,  and  for  carrying  this  out  efficiently 
adequate  hospital  accommodation  has  to  be  provided.  The  prevention 
of  epidemic  disease  cannot  be  efficiently  carried  out  by  fitful  sanitary 
efforts  in  the  presence  of  an  existing  epidemic,  which,  as  a  rule,  involve 
the  expenditure  of  large  sums  of  money  without  mature  deliberation  as 
to  the  benefits  to  arise  from  such  expenditure.  All  sound  sanitary 
measures  are  previously  thoroughly  thought  out  in  all  their  aspects,  and 
then  put  into  operation  systematically.  The  prevention  of  epidemic 
disease  in  large  cantonments  and  camps  requires  the  perpetual  watchful- 
ness on  the  part  of  the  sanitary  authorities,  and  a  constant  state  of  pre- 
paredness to  meet  such  disease  should  its  invasion  be  inevitable. 

C. — Elements  of  Grneral  Bacteriology. 

Disease  prevention  based  chiefly  on  bacteriological  science.— 

Whilst  one  does  not  wish  to  burden  you  with  the  intimate  workings  of 
2Dresent-day  bacteriological  science,  still  it  is  necessary  to  briefly  allude 
to  the  nature  of  disease-bacteria,  how  they  gain  access  to  the  human 
system,  how  they  grow,  and  how  man  is  defended,  naturally  or  arti- 
ficially, against  their  attacks,  in  order  that  we  may  understand  the 
bases  of  our  present-day  preventive  measures. 

Bacteria. — The  term  Bacteria  is  applied  to  a  group  of  micro-organisms,  the 
members  of  which  belong  to  the  lowest  forms  of  vegetable  life.  It  is  now  popu- 
larly used  syuouymously  with  microbe,  germ,  micro-organism.  Bacteria  are 
minute  vegetable  organisms  of  the  natural  onler  of  pbmts  called  Fungm,  the  general 
characters  of  which  are— that  they  are  plants  without  stems,  leaves,  or  roots,  con- 
sisting of  simple  cells  in  .iu.vtaposition,  and  possessing  no  green  colouring  matter 
(chlorophyll).  In  shape  they  are  either  spherical  (cocci),  and  may  be  single  or  in 
massed  groups  (staphyloccoci)  as  occur  in  the  blood  or  tissues  in  certHin  forms 
of  septicemia  or  blood-poisoning,  or  in  chains    stj-eptococci),  occurring  m  the 


Fio.  62.— Forms  of  bacteria— (a)  Micrococci ;  (6)  Bacilli ;  (c)  Spirilla. 
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blood  in  another  form  of  blood-poisoning  ;  in  the  form  of  elongated  straight  rods 
(bacilli),  as  met  with  in  typhoid  fever,  dysentery,  plague,  tuberculosie,  etc.;  or 
twisted  or  spiral  rods,  as  in  cholera  {comma  bacillus).  Let  us  describe  the  charac- 
ters of  these  different  forms  in  detail. 

BsiCilli— Bacilli  are  elongated  rod-like  bodies,  either  straight  or  slightly  curved 
varying  from  .-^-^  to  of  an  inch  long,  and  always  more  than  twice  as  long  as 
broad. 


Micrococci. — Cocci  or  micro-cocci  are  small  spherical  cells  which  multiply 
rapidly  by  fission.  They  are  classed  according  to  the  manner  in  which  the  cells  are 
grouped.  When  they  are  in  pairs  they  are  called  diplococci,  as  examples  of  which 
we  have  both  varieties  of  pneumococci  (the^active  causes  of  pneumonia)  :  gonococci 
(the  infective  microbe  of  gonorrhoea^.  When,  owing  to  the  manner  in  which  fission 
has  occurred,  they  are  grouped  into  irregular  masses  like  a  bunch  of  grapes,  they 
are  called  staplylococci.  These  are  generally  concerned  in  the  production  of  pus, 
and  usually  occur  in  localised  inflammations,  such  as  boils  and  abscesses.  There 
are  several  varieties  of  these.  When  the  spherical  cells  are  grouped  in  such  a 
manner  as  to  form  single  rows  or  chains  they  are  called  streptococci.  These  are 
likewise  pus-producing  organisms,  but  are  concerned  in  spreading  inflammations, 
and  the  septic  conditions  associated  with  blood-poisoning  from  wounds.  There  are 
several  varieties  of  this  class  also. 


Spirilla-— 'S';o2V« //a  or  vibrios  are  thread-like  cells  which  are  more  or  less  curved. 
They  may  be  either  short  and  formed  of  a  single  curve,  as  the  comm,a-shaped  .'spirillum 
of  cholera  ;  or  they  may  be  long,  forming  corkscrew-like  threads,  performing  active 
movements 


Structure  of  bacteria. —The  structure  of  bacteria  is  extremely  simple,  consist- 
ing as  they  do  of  unicellular  organisms.  Each  cell  consists  of  a  delicate  cell  wall 
which  encloses  a  small  mass  of  vegetable  protoplasm,  in  which  there  may  be  one 
or  more  vacuoles,  and  in  some  a  few  granules.  Sometimes,  external  to  the  cell 
wall,  there  is  a  gelatinous  envelope  or  capsule,  which  may  unite  the  bacterium 
loosely  to  its  neighbour,  as  is  seen  in  the  pneumococcus,  and  often  in  the  plague 
bacillus  especially  in  zu^  o— such  a  capsule  is  of  hnportance  in  enabling  us  to  at 
once  distinguish  micro-organisms  with  it  from  others  resembling  them,  but  not  in 
possession  of  a  capsule. 

Habitations  of  bacteria  in  air,  water,  soil  and  earth,  alimen- 
tary tract  and  blood.— Bacteria  are  found  almost  everywhere  in  air, 

water,  soil,  dust,  in  our  food,  clothing,  and  on  our  bodies  ;  yet  each 
particular  species  of  microbe  has  its  favourite  habitat  in  which  it  grows 
develops,  and  flourishes  most  abundantly.  In  general  terms  we  may 
state  that  the  micro-organisms  of  disease  are  specially  spread  about  by 
water,  food  air,  dust,  and  flies.  If  it  were  possible  to  completely 
control  all  these  means  of  diflPusing  disease-germs  we  should  be  in  a 
position  to  prevent  all  diseases  caused  by  them. 

In  air  the  presence  of  bacteria  varies  with  circumstances.  They 
are  absent  from  the  pure  air  of  high  mountain  tops,  and  in  mid-ocean. 
I ney  are  present  in  vast  numbers  in  the  air  of  crowded  cities  and 
camps,  especially  within  crowded  tents  and  houses.  They  are  not 
given  off  from  liquids  in  which  they  are  contained,  and  remain  in 
^uspension  in  the  air  only  when  adherent  to  particles  of  dust  or 
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Whilst  ordinary  expired  air  is  sterile,  the  mucus  and  moisture 
thrown  off  in  speaking  and  coughing  contain  numerous  bacteria,  which 
may  remain  in  the  air  some  time.  The  bacterial  contents  of  wa.ter 
varies  much.  That  of  any  public  water-supply  should  contain  but  few 
bacteria  as  a  whole,  and  certainly  no  disease-producing  pathogenic 
bacteria.  Soil  (and  earth  generally)  contains  vast  crowds  of  bacteria, 
whilst  pathogenic  bacteria  are  frequently  also  present.  The  human 
skin,  like  everything  else  exposed  to  dust  and  dirt,  swarms  with  bacteria  ; 
the  majority,  however,  are  there  by  accident,  and  are  readily  removed 
by  washing. 

Bacteria  are  always  present  in  the  alimentary  tract  from  the 
mouth  to  the  anus  ;  also  in  the  openings  into  the  ears  (external  auditory 
meatus  and  canal),  in  the  lower  part  of  the  nasal  cavities,  on  the  eyes 
(conjunctivae'),  and  anterior  part  of  the  male  urethra.  The  ducts  leading 
from  the  alimentary  canal  to  internal  organs  (liver,  pancreas)  are 
usually  free  from  bacteria.  The  perfectly  healthy  body  is  constantly 
throwing  off  disease-germs  that  gain  access  to  it. 

The  blood  and  deeper  tissues  of  the  healthy  animal  are  usually  free 
from  microbes,  but  observations  have  shown  that  a  small  number  of 
bacteria  may  pass  into  the  blood  and  lymph  vessels  from  the  alimentary 
tract.  In  the  state  of  health,  bacteria  do  not  find  suitable  conditions 
for  continued  growth  in  the  human  body,  but  when  the  general  vitality 
of  the  body  is  lowered,  or  when  any  injury  is  present,  bacteria  may 
gain  a  hold,  grow,  multiply  and  cause  disease.  Recent  experiments 
have  shown  that  both  fatigue  and  hunger  are  conditions  of  the  body 
under  which  bacterial  attacks  are  prone  to  occur,  as  resistance  to  their 
invasion  is  in  these  states  greatly  lowered.  The  very  interesting  con- 
dition knowm  as  fatigue  fever  has  been  by  some  attributed  in  part 
to  minor  forms  of  infections  acquired  from  the  alimentary  canal  when 
the  resistance  is  low.  Similarly  fatigue  may  be  a  predisposing  factor 
in  the  causation  of  specific  infections,  especially  when  combined  with 
inadequate  nourishment. 

Modes  of  access  of  bacteria  to  human  system.— Bacteria  may 
gain  access  to  the  living  tissues  in  various  ways,  and  some  do  so  through 
the  lining  membrane  of  any  of  the  mucous  tracts.  A  single  layer  of 
epithelial  cells  of  a  membrane  is  more  readily  penetrated,  especially 
if  it  has  no  basement  membrane,  than  a  membrane  provided  with  many 
layers  of  cells,  such  as  the  mouth  and  skin. 

Seats  of  election  of  bacteria  in  the  human  system.— When 
bacteria  which  can  exist  in  living  tissues  effect  an  entrance  into  the 
<5irculation,  they  have  a  tendency  to  select  as  a  suitable  nidus  in  which 
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to  collect  and  flourish,  some  tissue,  the  vitality  of  which  has  been 
impaired  by  injury  or  otherwise,  or  some  part  of  the  blood  stream  in 
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Fig.. 63.— Micrococci  («),  and  Bacilli  (6)  showing  fission. 

\ 

Fm.  64.— Germs  showing  spore  formation. 

which  the  blood  current  is  slow.  Or,  bacteria  gain  entrance  to  living 
tissues  through  wounds  or  abrasions  on  the  surface  of  the  body.  It  may 
be  said  that  a  perfectly  healthy  intact  skin  (epidermis)  forms  a  strong 
Darner  to  their  introduction,  though  they  may  gain  access  throu-h 
pair  iolhcles  and  the  ducts  of  sebaceous  glands,  especially  when  rubbed 
into  the  skin  by  the  clothes. 

is  ye?J^sS°^*^°^°^><^*-^^ia-?Ssion.-Th  method  of  reproduction  in  bacteria 
TormY,  h?™  t°  ^'^^"al  reproduction.    The  first 

bv  a  th;7n;/7'"'''  °*  '"^P'^  the  bacterial  cell  is  divided  into  twn 

iudi4du  .l?    ^  partition,  the  two  separate  and  become  two  iudejeudenf 

have  much  iVnnrfnnn?  The  shape  and  size  of  the  spoils 

bacilluTis  alraTsSfcaAndif  off-    ^'v  '""T^"'.'  ''''  the  teZ  If 

ing  it  ;  the  snorP  n?  Ihi  ^  ?^  diameter  than  that  of  the  rod  contain . 

rod.    The  noskion  J  H  ^"^^^  ""1^     broad  as  its  parent 

tetanus  t  is  at  Jne  °  /  '^"'^  H  ^^u"  °^  ^^^S^ostic  value  -e.  ff.,  in  the  baciCs  of 
anthrax  baciHL  U  i «  '  ^.'^'u^  ^'^''"'"^  appearance  of  a  drum-stick  n  tho 
adapted  trma  nt, in  h.'i^^^Lf^^'^       ^^'"''^  '^•'e  the  resting  forms  of  b'aiterH 

the  case  of  Eeeds  ln  fhI"^  'P'^^'''  "^f'^vourable^ircumstaVce  as  « 

•  ^^^^^     the  )"gher  plants  enclosed  in  their  seed  cases  ' 
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Spores  are  very  resistant.— Spores  are  the  most  resistant  of  all  living  bodies 
They  are  capal.le  of  withstanding  great  heat  and  cold  and  unfavourable  surround' 
mgs  generally,  and  live  through  destructive  iufluences  that  would  kill  their 
parents.  Spores  resist  drying  and  the  action  of  disinfectants  to  a  far  greater  extent 
than  the  bacteria  themselves.  Anthrax  spores  have  been  found  in  bacteriological 
laboratories  for  20  years  without  any  loss  of  virulence,  or  of  viability,  whereas 
anthrax  bacteria  without  spores  (asporogenous)  die  in  a  few  weeks  when  dried. 
They  also  resist  a  higher  temperature  than  the  mature  organism. 

Most  bacteria  when  moist  are  killed  when  exposed  tea  temperature 
of  140°  F.  for  half  an  hour,  whereas  some  spores  are  not  killed  by  boilino-. 
A  short  action  of  carbolic  acid  solution  of  1 — 20  kills  adult  anthrax 
bacteria,  whei-eas  their  spores  are  only  killed  under  this  influence  after 
many  days. 

In  their  manner  of  growing  and  multiplying  disease-germs  in  the  body  are  almost 
identical  with  what  occurs  in  the  fermentation  of  sugary  solutions  by  yeast  ferments 
in  the  production  of  alcoholic  beverages,  such  as  beer,  brandy,  etc.  In  the  making 
of  brandy  grapes  are  put  into  vats  and  crushed,  a  sugary  solution  forms  which  is 
attacked  by  germs  from  the  skin  of  the  grape,  or  from  the  air,  and  ferment  the 
sugar,  forming  alcohol  with  carbonic  acid  gas.  This  goes  on  until  a  certain 
amount  of  alcohol  forms  and  the  action  stops.  Germs  go  on  multiplying  in  the  body 
until  the  serum  and  other  fluids  of  the  body  produce  an  antidote  which  prevents 
their  further  multiplication.  We  have  typical  instances  of  such  diseases  in 
small-pox,  measles,  typhus  fever,  typhoid  fever,  cholera,  plague,  etc.  In  all  thcBe 
diseases  there  is  a  period  of  incubation  during  which  apparently  nothing  happens. 

Organs  of  locomotion  of  bacteria. —Many  bacteria  are  provided  with  organs 
of  locomotion  in  the  form  of /?ff^e//a.  Flagella  are  delicate  filamentous  extensions 
of  the  cell  protoplasm  occurring  in  bacteria  having  the  power  of  spontaneous 
locomotion.  Flagella  are  sometimes  of  great  length  and  in  great  numbers,  as  in  the 
bacillus  of  typhoid  fever;  they  are  always  extremely  thin  and  only  visible  under  the 
microscope  after  complicated  methods  of  staining.  Their  number  and  sometimes 
thoir  position  in  relation  to  the  cell  are  of  importance  in  diagnosis.  The  typhoid 
bacillus,  provided  with  12  to  20  flagella,  is  recognised  from  the  bacillus  coir,  an 
inhabitant  of  the  normal  alimentary  tract,  which  has  from  3  to  6  ;  that  of  cholera 
as  seen  in  India  only  1  or  2  flagella  and  these  are  always  terminal. 

Aerobic  and  anaerobic  bacteria. —Some  bacteria  require  oxygen  or  air  for 
their  growth  and  multiplication  aud  are  called  aerobic— niosX,  of  the  microbes 
infecting  man  are  of  this  class.  Others  cannot  multiply  in  the  presence  of  air  or 
oxygen,  and  are  called  anaerobic.  The  germ  of  tetanus  belongs  to  this  group. 
The  anaerobic  germs  have  the  power  of  appropriating  the  oxygen  of  unstable 
organic  combinations,  thus  acting  as  disorganising,  fermentative,  or  putrefactive 
agents.  Some  possess  the  ability  to  flourish  in  or  out  of  air  or  oxygen,  and  are 
then  known  iis  facultative  anaerobic  bacteria. 

Some  bacteria  are  very  active,  such  as  those  of  typhoid  fever  and  cholera, 
which  are  in  constaut  motion,  others  are  very  sluggish,  such  as  that  of  dysentery, 
others  are  non-mobile,  such  as  that  of  tuberculosis. 

The  chief  harmful  bacteria.— The  vast  majority  of  bacteria  are 
useful  in  nature,  and  neither  animal  nor  vegetable  life  could  be  carried 
on  without  them.  Of  the  thousands  of  different  bacteria,  only  a  com- 
paratively few  are  harmful  to  man,  and  of  those  that  are  harmful  we 
are  at  present  only  concerned  with  such  as  affect  or  may  affect  our 
Army  in  peace  and  war.  Of  these  the  chief  are  the  bacillus  of  typhoid 
fever,  of  dysentery,  epidemic  (camp)  diarrhoea,  of  cholera,  tuberculosis 
of  the  lung,  influenza,  plague,  and  a  few  others.  These  will  be  specially 
dealt  with  under  the  headings  of  the  diseases  they  produce. 
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Cultivation  of  bacteria. — The  microscope  is  our  chief  means  of  distinguishing 
bacteria.  We  usually  supplement  microscopical  examination  by  cultivation 
methods,  in  which  a  suitable  culture  medium  is  inoculated  with  the  material  to  be 
examined  and  kept  at  a  proper  heat  for  the  developmeut  of  the  bacterium  suspected. 
These  culture  media  are  numerous,  but  broth,  gelatine,  solidified  blood-serum,  and 
agar-agar,  are  usually  suiBcient.  Broth  consists  of  a  solutio.i  of  meat  extracts, 
peptone  and  salt.  It  is  chiefly  used  for  making  cultures  for  animal  inoculations 
and  for  observations  on  the  chemical  products  of  bacteria.  Solid  media  are  more 
generally  useful,  as  many  microbes  form  characteristic  colonies  or  growths  on  the 
surface,  or  in  the  depth  of  these  media.  Nutrient  gelatine,  often  used,  is  bioth 
solidified  by  the  addition  of  15  per  cent,  of  gelatine,  and  is  very  valuable,  as  it  is 
liquefied  by  some  bacteria  such  as  that  of  cholera,  whilst  others  do  not  liquefy  it. 
It  usually,  however,  melts  at  a  temperature  which  excludes  many  impoiTtant 
observations  being  made.  Agar-agar  is  broth  solidified  by  the  addition  of  a  sub- 
stance prepared  from  seaweed.  It  does  nob  melt  at  body  temperature,  is  not  liquefied 
by  any  organism,  and  is  the  most  useful  of  all  media  to  work  with. 

Food  of  bacteria — All  bacteria  require  for  their  growth  and 
multiplication— a  suitable  soil,  a  certain  amount  of  moisture,  an 
appropriate  temperature,  a  certain  amount  of  nitrogen  and  salts,  a 
certain  amount  of  oxygen  (which  may  be  in  the  air  or  contained  in  the 
medium  in  which  they  live),  and  the  presence  or  absence  of  light 
It  is  possible  to  interfere  with  the  multiplication  of  disease-germs  by 
changing  any  one  or  all  of  these  conditions  of  germ  life. 

Without  water  or  moisture  in  some  form  they  cannot  multiply. 
Ihe  most  suitable  teinjJerature  varies  greatly  in  dififerent  bacteria' 
Ihe  majority  flourish  best  at  the  temperature  of  the  human  body 
(between  98-100°  Fahr.).  Other  organisms  thrive  best  at  temperatures 
above  or  below  this.  Lower  temperatures  than  that  named  generally 
longtimr'^'^^''  '^"^^      "^'^  ^^t^^^'y  kill  bacteria,  unless  applied  for  a 

Effects  of  light  on  bacteria.— Z^o/ii  is  injurious  to  nearly  all 
microbes,  particularly  bright  sunlight,  and  especially  if  combined  with 
a  temperature  at  which  the  bacteria  are  killed  outside  the  body  A 
short  exposure  of  .some  disease  bacteria  to  direct  sunlight  at  tropical 
temperatures  kills  them ;  they  die  more  slowly  in  diffused  daylight 

narti^idir  mWnf^^*  ^^^^^^ia  produce  disease.-To  prove  that  a 
particular  microbe  is  the  cause  of  a  special  disease  it  is  necessary-that 

Sood  Tht  it  h'"""'-,?  '''''  -  the  tissue^or 

oS;  the  b  dv   th^r^^^^^  "           "^^"^  generation 

followed  hv  th  J J  ^^^^^^^  animal  must  be 

must  b.  foun  M^r'T"'  ^P^^'^S^  di^^^^^'        that  the  microbe 

manner              ^      ^'''"'^  «f         ^^^^^^  -ffe'^ted  in  this 

of  hFott^t^X^tn^^^^  bacteria-Regarding  the  action 

according  to  whet  «   th^.^  ^"'^'^  ^^^^  «la««^s- 

What  we%all  »  V?.  r   ^^^'^^'^^^^  °^'"^^ltiply  in  living  tissues. 

^patkogenic  or  chseam-produci7ig  bacteria  do  so  multiply 
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and  produce  infective  diseases.  The  non-pathogenic  micro-organisms 
can  only  develop  and  multiply  in  dead  organic  matter,  such  as  the  serum 
of  the  hlood,  pus,  sloughs,  etc.;  these  are  spoken  of  as  saprophytic 
microbes.  Some  hacteria  can  live  and  grow  both  in  dead  organic 
matter  and  on  living  tissue— these  are  known  as  facultative  (adaptive) 
saprophytes. 

Toxins  or  poison  produced  by  bacteria.— As  bacteria  grow  they 
produce  certain  poisonous  chemical  substances,  either  directly  from 
themselves  or  from  the  organic  substance  which  they  inhabit.  These 
poisons  are  of  two  Vm^s—tox-alhumins,  whicli  are  of  an  albuminous 
nature,  and  alkaloidal  ferments  or  -ptomaines.  These  bodies,  when 
isolated  from  the  germs  forming  them  and  introduced  into  living 
tissues,  are  very  poisonous,  producing  locally  inflammation,  suppura- 
tion, and  death  of  the  tissues,  and  generally  severe  symptoms  of 
constitutional  disturbance.  The  nature  of  the  symptoms  vary  with 
the  nature  of  the  toxins,  each  microbe  producing  its  own  special  kind 
of  toxin.  The  tox-albumins  appear  to  have  the  power  of  killing  the 
bacteria  by  which  they  are  produced.  This  is  very  important,  as  some- 
times bacteria  are  destroyed  by  the  poison  which  they  themselves 
create. 

True  bacterial  toxins-— The  true  bacterial  toxins  have  been 
isolated  in  a  state  of  purity,  but  seem  to  be  allied  chemically  to  bodies 
called  alhumoses,  and  have  properties  like  those  of  enzymes  (or  diges- 
tive ferments).  They  are  extremely  poisonous  when  injected  into  the 
blood  or  tissues,  although  in  most  cases  harmless  when  taken  by  the 
mouth.  They  are  very  unstable,  being  destroyed  by  heat,  gastric 
digestion,  etc.,  and  when  kept  in  solution  gradually  become  inert. 

The  true  bacterial  toxins  are  of  two  kinds  :  (1)  Certain  microbes 
such  as  those  of  tetanus  and  diphtheria  produce  soluble  extra-cellular 
toxins,  which  accumulate  in  the  fluid  in  which  they  are  grown;  (2)  in 
many  other  microbes  we  have  not  been  able  to  produce  a  powerful 
soluble  toxin,  and  the  specific  poison  appears  to  remain  enclosed  in 
the  bacteria  themselves,  and  is  only  set  free  in  the  body  under  condi- 
tions that  we  have  not  yet  been  able  to  imitate  experimentally  in  the 
laboratory.  These  are  called  intra-cellular  toxins.  The  soluble  pro- 
ducts formed  by  the  bacillus  of  pulmonary  tuberculosis  has  but  little 
poisonous  action,  but  the  washed  bodies  of  the  bacillus  of  tubercle  are 
extremely  poisonous. 

Pathological  effects  of  bacterial  toxins.— The  pathological 
effects  of  these  toxins  vary  greatly,  but  in  nearly  all  fever  is  produced, 
Some  are  selective,  acting  on  certain  kinds  of  cells  in  the  body  only, 
such  as  the  bacillus  of  tetanus  which  acts  on  the  central  nervous  sys- 
tem (brain  and  spinal  cord) ;  others,  such  as  the  septic  organisms,  afl'ect 
any  tissues  they  reach.  In  the  natural  state  in  the  body,  the  eflfect 
produced  by  the  poisons  varies  with  the  amount  of  the  toxin  formed 
and  susceptibility  of  the  person  and  the  tissues  to  its  action. 
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Methods  of  microscopic   observation  of  bacteria. — Bacteria 
ire   examined    microscopically  directly  from  the   morbid  material 
taken  from  the  body,  or  from  cultures  of  the  microbes  got  from  such 
material.    In  conducting  these  observations  a  good  microscope  with  a 
■jV  inch  objective  lens  and  a  substage  condenser  are  required.  The 
preparations  are  examined,  stained  or  unstained,  the  latter  in  what  is 
known  as  a  hanging  dro'p  preparation  to  ascertain  the  size,  arrangement, 
motility,  and  other  peculiarities  of  the  living  organisms.  When 
cultures  are  to  be  examined  this  method  is  an  essential  part  of  the 
process.    Stained  preparations  are  used  for  morbid  materials  generally. 
The  method  of  doing  this  is  usually  very  simple  and  easy.    There  are 
various  staining  methods  each  suitable  for  certain  microbes — sometimes 
double-straining  is  required  for  differential  processes.    The  chief  stain- 
ing agents  are  made  from  the  aniline  dyes. 

Bacteria  as  parasites  and  saprophytes.— Bacteria  may  be 
classed  as  parasites,  which  can  obtain  pabulum  to  live  and  multiply  ia 
living  animals  or  plants,  and  saprophytes,  which  flourish  in  dead 
material  only.  Some  bacteria,  whilst  preferring  a  parasitic  life,  may 
also,  under  suitable  conditions,  grow  in  dead  material— these  are 'called 
facuUative  saprophytes ;  the  germ  of  gonorrhcea  thrives  in  the  mucous 
membrane  of  the  urethra,  but  grows  very  slowly  in  culture  media  outside 
the  body. 

n„ri^.f/T^  parasitic  and  pathogenic  not  synonymous. -The  terms  parasitic 

:ind  pathoffe,iic  aio  not  strictly  syuonymons.  A  parasitic  organism  is  not  neces 
sanly  disease-producing,  as  we  know  that  the  blood  of  many  lower  animals  harbours 
au.mal  parasites  of  various  kinds  without  being  affected  L  any  wayTy  them  A 
pathogenic  organism  may  produce  disease  without  itsel  f  entering  into  the  bod v  as 
S  '""'^'ri'  diphtheria,  in  which  the  bactena  multiplf  in  loT  gener'a?e 
,n,  .f'  "'^  ^         blood-clot  in  a  wound  to^  whTch 

putrefactive  organisms  have  gained  access,  producing  that  form  of  blood-nois^nin; 

enTeHng'thTS'tem''       ^"'"'^"'^  ''"^'^  '''^  ^-'^  no°  th?  bfcS 

Meaning  of  the  term  infection. ~Infectio7i  is  the  access  of 
hvxng  virulent  pathogenic  bacteria  to  a  region  of  the  body  where  the^r 
toxins  may  act  on  the  tissues.  Dead  bacteria,  such  as  those  of  the 
bacillus  tuberculosis,  may  cause  pathogenic  efiects  almost  like  those  of 
living  ones,  ye  this_  is  not  infection,  as  it  cannot  be  carried  from  the 
person  inoculated  with  the  dead  bacteria  to  other  persons. 

Virulence  of  bacteria—The  virulence  of  microbes  varies  enor 

of  pure  culture  has  no  U  effect      t  '  u  ^^'^^  ^^"""^^ 

a    fo,.r  ^r  +u  •        enects.    I  he  virulence  can  be  exalted  so  that 

enhancen  ent 'of   '^T''''''  disease.  TM 

h  oTsT  he/anS^^^  merely  passing  the  microbe 

b  dnimals-one  animal  being  inoculated  with  a  large  dose 
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of  the  microbe  and  the  germ  recovered  from  this  animal  cultivated 
outside  the  body  passed  into  another  animal,  and  so  on  in  a  series  It 
IS  considered  that  something  like  this  occurs  in  nature,  for  micro- 
organisms taken  directly  from  a  patient  are  usually  more  virulent  than 
those  cultivated  artificially  in  culture  tubes  or  plates.  In  some  cases 
these  disease-germs  are  not  virulent,  and  do  not  endanger  life,  but 
in  many  cases  they  tend  to  overwhelm  the  vital  processes  by  the 
poisons  they  produce.  In  this  latter  case  the  medical  man  attempts  to 
keep  the  patent  alive  until  the  natural  powers  of  getting  rid  of  the 
germs  are  brought  forward.  lu  general  we  know  but  little  of  the 
causes  which  lead  to  exaltation  of  virulence  under  natural  conditions. 
Outbreaks  of  typhoid  fever  vary  in  their  intensity,  and  such  variations^ 
whilst  they  may  be  due  to  other  causes,  such  as  greater  susceptibility 
as  regards  age,  condition  of  health,  etc.,  of  those  attacked,  it  is  probable 
that  modification  of  virulence  is  also  a  factor  in  these  variations. 

When  a  bacterium  is  in  a  weakened  pathogenic  form,  it  is  said  to 
be  attenioated.  We  know,  for  instance,  that  the  vaccine  used  against 
small-pox  is  a  weakened  culture  of  the,  as  yet,  undiscovered  micro- 
organism of  small-pox.  Artificial  attenuation  of  pathogenic  bacteria  is 
of  great  importance  in  connection  with  the  production  of  immunity 
against  communicable  disease.  As  a  rule  the  cultivation  of  a  bacterium 
under  slightly  disadvantageous  circumstances  lessens  its  virulence,  and 
vice  versd.  Cultivations  are  frequently  attenuated  by  heat  slightly 
above  that  most  favourable  to  the  growth,  or,  to  a  less  definite  extent, 
by  a  temperature  slightly  below  that  most  suitable  for  their  growth. 
In  all  cases  the  microbe  must  be  capable  of  producing  disease 
(pathogenic)  if  infection  is  to  occur,  and  for  this  two  factors  are 
necessary — the  microbe  must  be  virulent,  and  the  host  susceptible. 

One  essential  factor  of  infection  is  that  the  toxins  of  the  microbe 
must  act  on  the  tissues  of  the  host.  Our  skin  is  frequently  crowded 
with  streptococci ;  our  mouth,  tonsils  and  throat  harbour  various  germs, 
including  those  of  pneumonia,  tubercle,  diphtheria,  etc.,  but  no  evil 
results  arise,  either  because  the  germs  of  these  diseases  do  not  form 
toxins  or,  if  formed,  these  toxins  do  not  reach  the  tissues.  This  is  not 
infection  ;  but  if  any  trifling  abrasion  of  the  skin  or  erosion  of 
the  throat  arises,  or  a  general  lowering  of  resistance  to  pathogenic 
organisms  occurs  from,  say,  excessive  fatigue,  prolonged  hunger,  etc., 
infection  by  these  organisms  may  take  place, 

Universality  of  bacteria. — Under  the  circumstances  of  every- 
day life,  we  are  all  move  or  less  constantly  exposed  to  possible  sources 
of  infection.  Microbes  exist  in  the  air  we  breathe,  in  our  food,  bever- 
ages, etc.;  they  are  constantly  in  the  alimentary  tract,  and  on  our  skins. 
Yet  comparatively  few  people  are  affected  by  them.  Hence  we  con- 
clude that  there  is  some  active  natural  method  of  resisting  the  attack 
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of  these  disease-germs,  and  that  it  is  only  when  these  natural  means 
fail  us,  break  down,  or  are  inadequate  to  withstand  attacks  of  these 
germs,  that  infection  occurs.  This  power  of  resisting  the  invasion  of 
disease-germs  we  call  immunity — it  is  the  antithesis  to  susceptibility. 
The  bacillus  comiminis  coli  exists  normally  in  the  lower  intestinal 
canal,  and  is  perfectly  harmless  so  long  as  it  remains  there  and  the 
bowel  wall  is  healthy  ;  but  when  morbid  changes  occur  in  the  mucous 
membrane  of  the  bowel,  it  exhibits  an  active  tendency  to  penetrate  the 
wall  and  become  virulent— this  is  the  principal  active  cause  of  what 
we  call  infective  peritonitis,  such  as  may  follow  attacks  of  appendicitis. 


D.— Immunity. 

Cause  of  recovery  from  general  infective  diseases.— Patients 
recover  from  general  infective  diseases  caused  by  microbes  by  the 
production  of  such  a  degree  of  immunity  as  shall  suffice  to  destroy 
the  bacteria  causing  the  disease.  Hence  the  study  of  immunity 
is  of  the  utmost  importance  in  connection  with  the  prevention  (and 
in  some  also  the  cure)  of  infective  diseases,  especially  as  the  best  arti- 
ficial means  of  doing  so  are  those  which  imitate  or  stimulate  these 
natural  processes.  The  most  conspicuous  example  we  have  of  this  is 
m  the  cure  and  prevention  of  diphtheria  by  the  use  of  its  antitoxic 
serum.  The  mortality  from  diphtheria  has  greatly  decreased  under  the 
use  of  this  agent,  and  "  contacts  "  using  it  sufficiently  early  are  rendered 
practically  immune  from  the  disease  for  the  time  being. 

Nature  makes  vigorous  efforts  to  get  rid  of  germs  from  the  blood 
It  in  perfect  health,  and  all  the  organs  and  cells  are  working  efficientlv 
in  most  cases  the  germs  find  themselves  in  an  unconquered  soil,  and 
die  out  without  multiplying,  or  are  taken  up  by  the  white  blood  cells. 

nf  fi.^K^^^°^,  ipmunity.-By  immunity  then,  we  mean  a  condition 
of  the  body  whereby  it  resists  the  development  of  infectious  or  morbid 
processes.  Immunity  may  be  acquired  or  natural.  Acquired  immuni  v 
IS  that  derived  from  the  inoculation  of  attenuated  virus,  or  theXmiS 
products  of  infective  micro-organisms,  or  from  a  previous  attack  oTthe 
same  disease,  or  from  a  modified  form  of  it  such  as  cow-pox  (vaccinia^ 

^thetno^l  r^r^r  ^.g^i-1«-^-"-Po-  The  prote'ctL^  aXded 
by  the  inoculation  of  the   virus  of  a  disease  is  also  spoken  of  as  arti- 

or  tissues  to  h\-I7      i  ^  resistance  of  the  system 
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degree  of  immunity.    For  instance,  if  several  animals  are  inoculated 
with  the  same  doses  of  the  same  culture  of  an  infective  bacterium,  in 
one  no  evil  effects  are  produced,  in  another  only  slight  reaction  occurs, 
and  so  on,  until  we  reach  one  of  the  series  dying  of  a  fatal  general 
infection.    Or,  an  animal  may  be  in  state  of  maximum  immunity  to  a 
microbe  of  ordinary  virulence,  and  at  the  same  time  intensely  suscep- 
tible to  the  same  bacterium  when  its  virulence  is  heightened.  Again, 
the  immunity  or  susceptibility  to  a  given  infective  microbe  is  not 
a  deBnite  fixed  degree,  it  varies  from  time  to  time  and  is  considerably 
affected  by  external  and  internal  conditions,  and  a  study  of  these 
conditions  is  of  the  greatest  concern  in  the  prevention  of  infective 
disease.    Usually  we  possess  a  great  degree  of  immunity  to  nearly  all 
infective  bacteria,  and  it  is  only  when  this  immunity  becomes  reduced 
by  causes  which  lower  the  general  or  local  vitality  of  tissues  that 
infection  occurs. 

Causes  of  lowered  immunity.— The  causes  which  lower  immunity 
are  local  and  general.  Of  the  general  causes  we  may  mention  exposure 
to  cold  and  wet,  impure  water,  impure  air,  and  defective  ventilation, 
especially  when  these  are  conjoined,  and  still  more  so  if  associated 
with  hunger  or  improper  food.  They  are  all  potent  reducers  of  immu- 
nity, but  why  they  should  be  so  we  do  not  definitely  know. 

Bad,  deficient,  or  improperly  cooked  food  leading  to  defective 
nutrition,  intemperate  habits,  irregular  habits  as  regards  meals, 
sleep  and  work  generally,  defective  clothing,  and  idleness,  seriously  lower 
immunity.  Even  temporary  loss  of  nutrition  reduces  resistance— a 
long  fast,  for  instance,  especially  when  combined  with  a  long  and 
fatiguing  march.  Age  is  an  important  factor  in  regard  to  immunity 
in  many  infective  diseases,  and  as  a  general  rule  the  younger  the 
person  the  less  the  immunity.  Our  European  soldiers  in  India,  for 
instance,  arrive  in  this  country  at  an  age  at  which  they  are  specially 
susceptible  to  typhoid  fever. 

Poisons  circulating  in  the  blood,  whether  generated  as  the  result 
of  defective  physiological  processes  in  the  body,  or  introduced  from 
without,  as  occurs  in  the  excessive  use  of  alcohol,  lower  immunity. 
Prolonged  breathing  of  impure  air  also  lowers  nutrition  and  resistance 
to  infective  diseases. 

Amongst  the  local  causes  lowering  immunity  may  be  mentioned 
congestion  of  the  throat,  >.nd  chills  giving  rise  to  catarrh  ot  the 
respiratory  passages  or  of  the  bowels,  which  may  thus  pave  the  way 
for  the  attacks  of  various  microbes. 

Acquired  immnmty.- Acquired  immunity  may  be  active  ox 
missive  Active  immunity  results  from  a  former  attack  of  an  iniective 
disease  acquired  naturally,  or  arises  from  artificial  inoculation  so  that 
the  person  is  free  from  the  risk  of  contracting  it  again.    Of  the  many 
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thousands  uf  cases  of  small-pox  one  has  seen,  in  only  one  instance, 
that  of  a  West  African  negro  sailor,  had  the  disease  occurred  twice. 
In  most  of  the  infective  diseases  second  attacks  are  rare.  This  is  not 
always  true,  however,  as  persons  have  apparently  quite  recovered  from 
such  specific  conditions  as  pulmonary  tuberculosis  or  even  consti- 
tutional syphilis,  and  got  it  again,  whilst  persons  may  suffer  from 
septic  diseases  repeatedly. 

Active  immunity  is  only  developed  slowly  and  after  the  inoculation 
of  the  toxin,  or  of  the  living  or  dead  culture  of  the  infective  microbe, 
and  in  general  a  week  or  longer  at  least  must  elapse  before  the  full 
degree  of  immunity  is  produced.  In  active  immunity  the  person  lias 
successfully  fought  the  microbe  or  its  toxins.  Passive  immunity  lasts, 
as  a  rule,  a  comparatively  short  time,  unless  the  dose  of  the  immunising 
serum  be  repeated.  In  the  case  of  preventive  injections  of  anti- 
diphtheritic  serum,  the  immunity  lasts  only  a  few  months.  Active 
immunity  is  more  lasting,  though  the  length  of  time  varies  considerably 
for  different  diseases.  In  small-pox  and  syphilis  it  may  be  permanent, 
but  this  is  not  an  absolute  rule ;  in  typhoid  fever  it  lasts  about  one 
and  a  half  years  j  in  pneumonia  it  is  of  very  short  duration. 

Passive  immunity — Passive  immunity  is  where  an  animal  makes 
no  such  fight,  but  has  the  serum  from  an  animal  previously  immunised 
injected  into  it— the  second  animal  not  being  affected  at  all  locally  or 
generaUy,  by  this  injection.  If  affected  at  all,  it  is  no  more  so  than 
It  the  simple  sterile  serum  of  the  animal  (without  the  anti-toxin)  were 
injected  Such  sera  are  used  from  the  horse  to  give  passive  immunity 
against  tetanus  and  diphtheria.  Passive  immunity  is  acquired  the 
moment  the  serum  is  injected. 

Methods  of  artificial  immunisation  -The  most  importaut  ways  of  endowi.m 
a  person  with  artificial  immunity  are :—  enaowing 

at  onel^ZlotfeTi^sZ^^^^^  d-.e.    It  was 

sometimes  got  ^le  disease  ver^tev^'  y^nd 'e?en  d%    l?^^^^^  c.ise"of  t^ff 

pox,  vast  epidemics  were  sometimes  started  from  such  inoculated  persons^ 

(2)  Inoculation  with  the  microbe  of  the  disease  in  a  weakened  state    Tho  l.P«^ 
example  of  this  is  vaccination  against  small-pox     We  sep  if  nl.!  h,  ■ 
inoculation  against   hydrophobia ^fter  the  M^e  of  I  rfbid  d^  liccniT.'';n 
PASTKUK's  system.    AVe  do  not  know  what  the  special  parasite  in^^itl'er  rab^f,  in 
animals,  or  hydrophobia  in  man  is  (in  all  probability  it  is  rproto/or/hnf 
know  that  inoculation  of  part  of  the  nervous  sv^fpn,  r,(  infl^f  i     i  i  ■?  • 
man  bitten  by  rabid  ani^mals  a^t   iXpl  S^^^^n^^^^^^^^^^^^^ 
prevented  in  sheep  and  other  animals  by^he^l^n  e\io  ."of  ^HWn.     Itl  ^fTtl 
Bacillus  aiithracis  weakened  by  being  subjected  to  a  high  temperature  ' 

inocuSa^ioni':^°°^st°^y^h^t:e^^^L:^  ^^.^^^^  p^-^^^^ve 

by  Heat  and  small  dose's^njeiSTibcSieou  tI^^^ 

K^s^^^hl^rs-l^^n£^rb^^ 
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(4)  lujectious  of  Gxtra-cellular  toxins  of  infective  bacteria  cannot  bo  used  in 
man  because  of  their  highly  poisonous  nature,  but  they  are  now  largely  used  in 
lower  animals  for  the  preparation  of  prophylactic  and  curative  sera,  especially  in 
tetanus  and  diphtheria.  For  this  purpose  the  horse  is  used,  because  it  yields 
a  iarge  amount  of  this  serum  and  is  easy  to  deal  with,  This  principle  is  worked 
out  as  follows.  A  small  quantity  by  toxin  (filtered  to  remove  all  living  bac- 
teria) is  injected  subcutaneously  into  the  horse.  It  excites  local  inflammation, 
fever,  and  malaise,  which  soon  subside.  Another  slightly  larger  dose  is  injected 
with  practically  no  effect,  and  so  on,  until  the  animal  is  so  resistant  that  the 
injection  of  extremely  large  doses  of  the  poisonous  toxin  will  produce  but  slight 
and  temporary  evil  effects. 

Resistance  of  healthy  tissues  to  action  of  disease-germs.— 

Healthy  tissues  have  considerable  power  to  resist  the  invasions 
of  disease  bacteria  so  long  as  the  latter  are  not  introduced  in  excessive 
quantities,  and  there  is  little  doubt  that  these  microbes  are  in  reality 
being  constantly  destroyed  in  the  body  in  ways  that  are  not  yet 
thoroughly  understood.  Bacteria  are  excreted  by  the  kidneys— we 
know  that  the  bacteria  of  pyemia,  septecfemia,  dysentery  and  enteric 
fever,  are  often  found  in  the  urine ;  the  fteces  often  contain  them,_  and 
the  saliva  and  sweat  glands  are  credited  with  some  power  in  eliminat- 
ing certain  bacteria..  But  of  the  exact  way  in  which  this  elimination 
arises  we  are  still  ignorant. 

Theories  regarding  immunity  — Various  theories  have  been  ad- 
vanced to  explain  the  way  in  which  this  immunity  is  acquired.  There 
are  two  classes  of  circumstances— the  immunity  against  the  microbe, 
and  the  immunity  to  their  toxins.  If  we  inject,  say,  the  living  microbe 
of  diphtheria  and  its  organic  poison  into  the  tissue  of  a  susceptible 
animal,  if  the  animal  lives,  the  living  microbe  will  grow,  multiply  and 
produce  more  toxin,  and  the  toxin  injected  will  produce  its  effects  at 
once.  Tf  we  do  the  same  to  an  immunised  animal,  the  microbes  will 
die  and  the  toxins  have  no  ill-effects. 

Cellular  theory  of  immunity --What  is  known  as  the 
wWcv^om  ol  METCHiNKOKK  has  been  elaborated  from  a  know  edge  of  the  habits 
and  life  action  of  the  lowest  forms  of  animal  Mi^,  ammbce,  which  are  represented 
ii  tl  e  human  blood  by  white  blood  cells  (leucocytes).  These  unicellular  protozoa 
or  amS  iSgest,  digest,  and  assimilate  bacteria  found  in  water.  The  whi  e  b  ood 
cellsTmando  the  slme  in  the  blood  in  many  diseases.  White  Wood  cells  have 
been  carefully  watched  while  they  digested  and  completely  assimilated  bac  er.a 
WMte  bfood  cells  are  attracted  to  the  part  invaded  by  bacteria  because  these 
bLcteria  give  off  a  soluble  substance  for  which  the  white  blood  cells  have  an  affinity 
and  tl"e  bacteria  become  surrounded  by  a  regular  zone  of  them.  When  this  process 
of  devouring  bacteria  by  white  blood  cells  is  active  recovery  P^^^^^^^^^ 
but  when  it  fails,  the  bacteria  grow  and  multiply.  In  animals  w  tu  acquired 
immunitv  the  white  blood  cell  has  gained  the  power  of  ingesting  bacteria. 
auSh  'presumHbly  before  immunisation  unable  to  do  so  and  it  considered 
that  cQu^  immunity  is  due  to  the  education  which  white  blood  cells  l  ave 
laiLcl  Eg  t^e  prevfous  attack.  Actual  living  and  virulent  bacteria  are  engulfed, 
digested  and  assimilated  by  white  blood  cells. 

This  tbeorv  is  not  complete  by  itself,  as  it  was  found  that  when  bact^ia  were 
placefso  tS?he  white  Wood  cells  could  not  get  at  t'l^.-j^ >  "^J^^/.^  .'^^J^:  £ 
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leucocytes  the  most  important  f  miction  of  defending  the  body  from  the  attacks  of 
bacteria,  a  function  which  is  partly  chemical  and  partly  phagocytic.  This  is  not 
the  wliole  explanation  however,  as  we  know  that  it  is  possible  to  give  rise  to  a 
passive  immunity,  as  in  the  use  of  anti-diphtheritic  serum,  (an  antitoxin  which  has 
no  power  of  killing  bacteria.  This  shows  that  its  action  cannot  be  due  to  ale-xins  or 
other  germ-killing  bodies.  There  is  much  left  to  be  done  before  we  can  understand 
the  wliole  processes  connected  with  immunity.  We  now  know  that  it  is  possible 
to  produce  antitoxins  against  such  highly-organised  chemical  poisons  as  those 
formed  in  the  poison  glands  of  snakes.  It  is  unnecessary  here  to  discuss  other  com- 
plicated theories  in  explanation  of  the  methods  by  which  immunisation  is  brouglit 
about.  We  have  seen  that  the  white  blood  cells,  and  the  body  fluids  when  acting 
together  are  capable  of  defending  the  body  from  the  attacks  of  bacteria  ;  and  that 
when  their  defensive  power  has  been  lowered  by  any  cause  bacteria  may  get  the 
upper  hand  and  perpetrate  their  ravages  on  the  system. 

Outcome  of  work  and  immunity. — The  foregoing  remarks  show 
that  although  we  are  not  yet  in  a  position  to  scientifically  demons- 
trate the  forces  which  operate  in  the  production  of  immunity,  as 
they  . are  still  only  imperfectly  understood,  yet  the  results  obtained  so 
far.  show  that  in  few  directions  has  the  practical  application  of  scientific 
physiological  and  pathological  knowledge  been  so  satisfactory  as  regards 
results.  There  are  several  diseases  in  which  we  can  now  bring  about 
a  condition  of  artificial  immunity  by  which  we  endow  the  system  with 
a  protection  against  such  diseases. 

An  antitoxin  is  an  antidote  elaborated  by  the  body  to  counteract 
the  toxins  of  bacteria.  They  are  used  in  the  treatment  of  certain 
infectious  diseases  and  also  to  confer  immunity  against  these  diseases. 

Haffkine's  anti-cholera  vaccine  is  a  sterilised  culture  of  cholera 
bacillus  to  give  immunity  against  cliolera;  and  his  anti-plague  vaccine 
is  a  virulent  culture  of  the  plague  bacillus  sterilised  by  heatina  it  to 
158*  F.  & 

An  antitoxic  serum  is  a  fluid  that  acts  on  bacterial  toxins  and  is 
not  bactericidal— such  a  serum  is  that  against  diphtheria.  Yersin's 
serum  is  the  serum  of  a  horse  immunised  by  injecting  a  virulent  culture 
ot  the  plague  bacillus  into  a  vein  of  the  animal. 

A  bactericidal  serum  is  one  that  destroys  bacteria,  but  has  no 
etiect  on  toxins.  Bacteriologists  all  over  the  civilised  world,  ineludino- 
many  experts  in_  India,  are  constantly  engaged  in  laboratories  and  in 
hospitals  inquiring  into  the  life-histories  of  disease-germs  and  endea- 
vouring to  ascertain  how  best  to  interfere  with  their  multiplication 
both  outside  and  mside  the  human  body.  They  do  this  by  cultivating 
hese  germs  ni  various  microbe  foods,  such  as  gelatine,  isinglass,  beei" 

ter  '  r^'^'  ^^^^^"8-  conditions  ol"  heat,  in 

sterile  test  tubes  and  on  sterile  plates.    The  germ  is  first  got  fi^m 

NpnrT   ^u'T  ^"'^  P'^^  cultivating  medium  where  it  grows 

yearly  al   disease-germs  grow   in   different  ways  and  have  certain 

tTnguIS  '^''^  "^'y.  be   individually  S 
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We  know  a  great  deal  about  the  life-history  of  these  germs,  how 
they  get  iuto  the  body,  how  long  they  take  to  produce  their  special 
disease,  how  long  they  will  continue  to  multiply,  and  when  we  may 
expect  the  patient  to  get  better  if  he  is  going  to  recover. 

"  Whether  a  person  is  going  to  recover  or  not  from  the  effects  of 
the  growth  of  disease-germs  in  his  body  depends  upon  how  well  or  how 
successfully  he  can  manufactnre  an  antidote  or  corrective  to  the  poison 
created  and  poured  into  his  system  by  the  germs.  If  sufficient  of  the 
antidote  is  made,  then  the  germs  are  gradually  killed  and  their  poison 
neutralised,  followed  by  gradual  recovery  of  tlie  sick  person.  If,  on  the 
other  hand,  the  germs  make  so  much  of  the  poisoii,  or  the  patient  fails 
to  make  sufficient  antidote  to  neutralise  the  germ  poison,  then  he 
dies  as  the  result  of  the  disease  caused."  * 

It  unfortunately  happens  that  with  all  possible  care  and  precaution, 
and  every  effort  at  cleanliness  and  sanitation,  general  and  personal,  the 
germs  of  disease  do  sometimes  find  their  way  to  the  blood. 

E. — Animal  Parasites. 

We  have  hitherto  spoken  of  bacteria  as  sources  of  disease.  There 
are  also  a  large  number  of  animal  parasites  which  invade  the  human 
economy,  some  giving  rise  to  most  dangerous  infective  diseases  through 
blood  infection,  others  to  local  maladies  of  diff'erent  kinds. 

Certain  animal  parasites  may  cause  grave  disease  and  even  death, 
as  we  see  in  untreated  grave  malarial  infection,  in  kala-azar,  filariasis 
affecting  different  regions  of  the  body,  hydatid  of  the  brain  from  embryo 
tape-worms  got  through  the  eggs  contained  in  the  excreta  of  dogs,  and 
in  other  diseases.  Some  of  these  parasites  invade  various  internal 
organs  and  the  blood  (malaria  and  kala-azar)  and  others  the  tissue 
under  the  skin  (guinea-worm).  Most  of  those  named  are,  until  got  rid 
of  by  treatment,  permanent  parasites  of  the  body.  Others  attack  man 
only  occasionally  and  under  special  circumstances  ;  in  these  latter  we 
may  include  such  parasites  as  mosquitoes,  bed-bugs,  ticks,  flies  and 
their  larvai,  and  leeches.  Most  parasites  of  the  larger  kind  reach  the 
bowel  and  internal  organs  through  water,  food,  or  earth,  the  eggs  or 
embryos  being  ingested,  or  by  the  embryos  attacking  man  through 
the  skin. 

General  characters  of  animal  parasites  of  man.— Parasites  are 
livinc^  structures  which  live  and  grow  on  or  at  the  expense  of  another 
body^called  the  host.  In  some  cases  the  parasite  does  no  harm,  in  others 
it  deprives  the  host  of  nutriment  or  produces  poisons  which  injure  the 
host. 

*  Col.  II.  II.  Firth,  Military  Hygie7^e,'p.  31. 
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The  animal  parasites  which  may  inhabit  the  blood,  tissues,  or 
internal  organs  of  man  are  all  characterised  by  the  greater  simplicity 
of  their  structure  as  compared  with  that  of  the  non-parasitic  kinds. 
Most  animal  parasites  invading  man  exist  in  two  forms — the  immature, 
embryonic  or  larval  form,    and  the  mature  form.    Many   of  thern 
undergo  a  series  of  metamorphoses  or  alternation  of  generations,  before 
reaching  maturity,  first  by  sexual  union,  producing  eggs  which  give  rise 
to  larvfB  or  embryos  which  develop  into  adult  forms  ;  or,  by  a  process 
of  budding,  give  rise  to  colonies  of  mature  organisms.    When  man  is 
infected  by  the  fully  developed  parasite  he  is  the  definitive  host ;  the 
intermediate  host  is  the  animal  in  which  the  immature  forms  are 
lodged,  whilst  we  speak  of  the  habitat  as  the  part  of  the  body  of  a  host 
in  which  a  parasite  or  its  immature  form  takes  up  its  abode  for  the 
time  being. 

The  chief  diseases  connected  with  animal  parasites  in  the  human 
blood  m  India  are— malarial  fevers,  relapsing  fever,  and  what  is  known  as 
kala-azar.  The  parasites  ofthese  infections  are  ^ro'ifo^oa.  Filarife  are  also 
naet  with  in  the  blood  stream  giving  rise  to  elephantiasis  of  the  leg,  etc  , 
the  diseases  due  to  this  parasite  being  embraced  under  the  term 
jilariasis. 

The  subject  of  malaria  is  dealt  with  w  e.rfew.so  later  on.  Amongst 
ftp  'fj""-         T'"'  organisms  we    may  mention 

the   miowiu^  i—Trijpanosomtasis,  or  sleeping-sickness,  due  to  an 

fccesfto  fl    fff  ^'f'^'^l^  animal 'parasite,  'which  gains 

sTckfn^  flv  rr/'  ^P««i^«  «f  blood- 

sucking fl  J  {Glosstna  palpahs),  and  multiplies  indefinitely  in  the 

Wood,  giving  rise  to  disorganisation  of  the  nervous  system,  lymphatic 
glands  etc  .,  and  manifesting  itself  by  fever,  headache,  tipor  sleepiness 

a  in  Clntr-a  AfS'a' 'i^  ^'"^^^  T  '''''        ^^^^  "^^S 
area  in  bent  al  Africa,  and  occasionally  on  the  West  Coast  of  Africa 

Infection  is  known  to  be  acquired  only  in  regions  where  t^e  special  flv 

flourishes,  along  certain  rivers  and  the  great  lake  Victo!/a  Nvanza 

a^n^m^rprri-trrrhirL^^^^^^^^^^  ^^y^^^^ 

sickness  "'^""^  ^  '^"'"^^^^^  ^-^^^-1  ^Le  of  sleeping! 

of  antti;:f?aS;t:  L'fh'rhf  n^r.^^^^^^*^^  ^"^^  '"^^  introduction 
veyedtoman'bTrhe  e^^^^^^^^  b-dte  parasite  being  probably  con- 
is  known  as  a  sZocho'fTt  fh  /  ^^""^  blood  what 
filamentary  anima  m  .ll  "  "  ^^'^^  ^  ^«^i"g  «Piral, 
is  also  pat^gen^c  to                         '''^  disease 

perimentally  ^TntVdled    Jn^n^  spiroch.^t^  were  ex! 

y    introduced    into  healthy  animals  by  the  bite  of  bugs 
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taken  from  infected  animals.  It  is  comparable  as  regards  its  cause  also 
with  the  spirillosis  of  fowls  and  of  South  African  cattle,  in  both  of 
which  certain  species  of  ticks  are  the  media  which  communicate  the 
disease. 

Different  species  of  filarial  jiarasites  are  occasionally  seen  in 
man.  The  mature  forms  of  these  [parasites  are  rarely  met  with.  The 
sexes  of  adult  forms  are  distinct ;  the  male  is  usually  smaller  than  the 
female  and  they  occupy  oiie  or  other  Uind  of  blood  vessels — those  of  the 
o-eneral  circulation,  or  of  the  lymphatic  system.  The  mature  female  is 
usually  a  small  slender  hair-like  worm  with  a  club-shaped  head.  The 
embryos  are  about  of  an  inch  long  and  about  equal  in  breadth  to  the 
diameter  of  a  red  blood  corpuscle.  The  adult  worm  inhabits  the  larger 
lymphatic  vessels  or  lymphatic  glands.  The  embryos  gain  access  to  the 
blood  of  man  through  the  proboscis  of  the  common  culex  mosquito  ( Gidex 
fatigans )  and  also  through  two  or  more  species  of  anophelines,  whence 
they  make  their  way  to  the  lymphatic  glands.  There  the  sexes  unite, 
develop  to  maturity,  create  embryos  which  are  discharged  into  the 
lymphatic  vessels  and  then  on  into  the  general  circulation.  In  one 
variety  the  embryos  are  formed  in  the  vessels  of  the  surface  skin  at  night 


which  causes  elephantiasis,  etc.  From  Major  S.  P.  James,  i.m.s.,  Malanal  l<eve,s, 
3rd  Edition. 

only  il^hcrofilaria  hancrofti) ;  in  another  variety  filaxu^^^^^ 

in  the  blood  only  during  the  day  {Fdaria  f  ^''^f^.f^f 'Y,^^^;,,^/^!^'^ 

a  third  it  is  always  present  in  the  peripheral  ^^^^^^f 

first  of  these  that  is  of  importance  in  this  country  /'^l^P^'^^f;^^^^ 

capable  of  giving  rise  to  the  disease  known  as  chyluna  (or  milky  ur  ne) 

bv  inwlin^  the  lymphatics  of  the  urinary  system ;  to  elephantia  is  of 

the  Tegs  or^scrotum  by  occupying  the  lymphatics  of  these  regions,  and 

to  a  variety  of  other  local  conditions. 

one  Should  not  omit  a  mention  of  ..unea-wor^  (^ 
some 'parts  of  India  is  a  ^oarce  o^E  mucli  in^^^^  ^^^^^^  ^^v^^^^ 

Nizam's  Dominions  one  li^^^^^^^en  as  many  as  5^  m  having  as 

guinea-worm,  whilst  seveml  m  one  simultaneously.    The  parasit^e  is 

many  as  nine  in  different  ^<^gi°"^^  ^"^J^  containing  the    embryo,  which 

communicated  to  man  th  ough  ^^^  '^f and  is  discharged  into  water 
develops  in  a  smi  l  crustacean  g^^^^f^''^  tissues  heneath  the  human  skin 
and  drunk,  finding  its  way  t'^°'^,*J^^^f  .^i^^e  a  cause  of  inefficiency  on  field  service, 
rliSere'oysfme^imeTnVhfe^dl^^^  ia  which  it  occur,  i.  usually  neces- 
sary  to  its  invasion  of  man. 
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Auimal  parasites,  like  the  vegetable  microbes  of  disease,  are  prone 
to  invade  persons  in  a  weakened  condition,  or  in  a  state  of  less  resist- 
ance from  any  cause— those  who  are  already  suffering  from  disease  in 
some  form,  or  are  badly  fed,  or  over-fatigued,  the  young  and  the  old  are 
specially  subject  to  attacks  of  parasitic  disease.  People  in  good  health 
and  physique  are,  however,  often  attacked  by  animal  parasites. 

Animal  parasites  of  man  are  often  divided  into  Ectozoa,  or  those 
which  affect  the  exterior  of  the  body,  the  term  being  usually  limited 
to  such  parasites  as  affect  the  skin  'only — lice,  itch-mites,  etc.,  and 
Entozoa,  those  invading  the  interior  of  the  body,  the  term  being 
usually  only  applied  to  parasites  affecting  the  intestinal  canal. 

Skin  parasites  are  usually  acquired  by  contact  with  those  who 
harbour  them,  but  sometimes  they  are  conveyed  through  the  air,  or  by 
contact  with  infected  clothes. 

Parasitic  skin  diseases  may  be  due  to  animal  or  vegetable  parasites. 
Of  the  former  the  chief  are  the  itch-mite  (Acarus  scabiei)  and  lice 
(varieties  of  Pediculi),  of  the  latter  varieties  of  ring-worm. 

Absence  of  bodily  cleanliness  and  dirty  clothes  foster  the  occurrence 
of  parasitic  skin  diseases,  and  any  excessive  prevalence  of  such  disease 
in  a  battalion  indicates  neglect  of  personal  cleanliness  or  defective 
personal  hygiene  in  some  form. 

The  chief  intestinal  parasites  with  which  we  are  here  concerned 
are  round  worms  and  tape-worms.  The  former  is  dealt  with  under  a 
special  heading  in  the  section  of  special  diseases.  There  are  various 
kinds  of  tape-worms  (or  cestodes)  which  may  infect  the  intestinal 
canal  of  man.  Of  these  the  chief  are  ( 1 )  the  beef  tape-worm  ( Tcenia 
mediocannelata),  which  in  the  immature  form  occurs  in  the  muscles 
of  cattle  (as  many  as  30U  of  these  embryos  have  been  found  in  a  pound 
of  beef)  whilst  in  the  mature  form  it  occurs  in  the  intestine  of  man  • 
(2)  Icema  solium,  of  which  the  embryos  occurs  in  the  pig  s'ivino- 
rise  to  the  "measles"  of  pork;  man  forms  the  host  owing  to  latin  5 
imperfectly  cooked  measly  pork;  the  mature  form  occurs  in  the  small 
intestine  of  man,  but  occasionally  the  immature  form  is  met  with  in 
internal  organs.  All  tape-worms  may  be  prevented  in  man  by  the 
thorough  cooking  oi  the  flesh  of  animals  containing  the  embryon  c 
form.  It  should  be  remembered  that  the  fteces  of  all  persons  suffering- 
from  mtestinal  worms  contain  the  ova  of  these  parasites-hence  theii- 
excreta  should  be  incinerated  or  buried  deeply  in  the  soil.  Regarding 
round  worms  we  may  say  that  water  polluted  with  evacuations  containinf 

AnimlV  mTv  1     ^?^  """"^  °^  propagating  these  parasitef 

Animals  may  be  infected  by  eating  the  excreta  or  grass  infbcted  bv 

tSf  «       ^^^^^'^^^  grown  ^anuiel  ^ 
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Epizootic  diseases- —Various  animals,  both  domestic  and  in  the  wild  state, 
are  subject  to  infective  diseases,  some  of  which  are  capable  of  being  communicated 
from  these  animals  to  man.  Hence  it  is  necessary  to  adopt  measures  which  will 
prevent  the  spread  of  such  diseases  in  animals,  and  the  measures  of  prevention  are 
to  a  large  extent  similar  to  those  practised  in  the  case  of  man.  The  chief  ejiizootic 
diseases  in  this  country  are— anthrax,  tuberculoiis,  tetanus,  rabies,  foot  and  mouth 
disease,  rinderpest,  plague,  glanders,  "  surra"  and  filariasis  of  different  kinds. 

C. — Disinfection  and  Disinfectants. 

Disinfection  in  sanitary  work  is  practised  for  the  purpose  of 
destroying  the  germs  of  communicable  disease  wbich  are  thrown  oif 
by  the  dejecta,  including  faeces,  vomit,  urine,  expectoration,  skin, 
etc.,  of  patients  suffering  from  such  disease.  As  these  germs  are  also 
contained  in  the  clothes  and  bedding  used  by  infected  persons,  and  find 
their  way  to  the  floors,  walls,  furniture,  carpets,  and  utensils  surround- 
ing the  patient,  it  is  obvious  that  these  must  also  be  disinfected.  In 
practical  disinfection  we  have  not  only  to  kill  the  germs  themselves, 
but  in  some  cases  also  their  spores,  which  are  hardier,  more  resistant 
and  more  difficult  to  destroy. 

Disinfectants  are  agents  that  destroy  the  germs  of  disease,  of 
fermentation,  and  of  putrefaction. 

Antiseptics  are  substances  which  arrest  or  weaken  the  action  of 
germs,  microbes  or  micro-organisms,  but  do  not  destroy  them.  Amongst 
these  we  may  name  corrosive  sublimate,  carbolic  acid,  lysol,  cyllin,  izal, 
creolin,  iodoform,  thymol,  salicylic  acid;  formaldehyde,  etc. 

Deodorants  are  agents  which  conceal  disagreeable  smells;  as 
examples  of  these  we  have  camphor,  various  scents— eau-de-cologne, 
lavender  water,  etc. 

There  are  three  classes  of  disinfectants— naiurci,  physical  and 
chemical  Amongst  the  natural  disinfectants  we  may  include  fresh  air 
and  sunliciht.  Light  and  aeration  are  important  aids  to  the  purification 
of  areas  that  are  likely  to  become  contaminated.  Their  apphcation_  is 
general  rather  than  special,  but  they  are  undoubtedly  efficient  auxiliaries 
against  such  eminently  infective  diseases  as  tuberc^ulosis  and  cho  era. 
Abundant  aeration  is  useful  in  that  it  helps  also  to  dessicate  bacteiia- 
moisture  is  necessary  for  the  preservation  of  microbic  lite. 

Sunliffht.-This  is  one  of  the  most  generally  efficient  germicides. 
It  destroys  bacteria  and  their  spores.  This  germicida  effect  resides 
n  the  blue-violet  and  ultra-violet  rays  and  depends  on  their  intensity 
-rUse  rays  only  act  on  the  surfaces  exposed  to  them  Typhoid  bac  1 1 
ai^Wl  ed  by  six  hours'  exposure  to  the  sun,  plague  bacilli  ni  l^'-^lf ^^'^  ? 
cholera  and^the  common  colon  bacilli  in  one  hour  and  tubercle  bacilh 
TsZen  hours.  Direct  sunlight  is  unfavourable  o  the  growth  of  patho 
genTc  micro-Lganisms,  none  of  which  survive  prolonged  exposure  to  it- 
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Physical  disinfectants. — Amongst  the  physical  disinfectants  we 
have  heat,  and  electrolysis,  but  as  the  latter  has  hitherto  played  no 
part  in  disinfection  in  this  country  it  will  not  be  further  alluded  to  here. 

Heat  may  be  used  in  the  dry  form,  as  fire  or  heated  dry  air,  or 
in  the  vioist  form  as  boih'ng  water  or  steam. 

Fire  by  actual  incineration  is  the  safest  of  all  disinfectants.  It 
gets  nd  of  disease-germs  once  for  all,  and,  when  practical,  should  be 
carried  out,  Fire  is  of  limited  use  in  every  day  practical  disinfection. 
On  a  small  scale  it  may  be  used  to  destroy  the  discharges  of  patients 
with  infectious  diseases  such  as  cholera,  dysentery,  typhoid  fever.  It 
is  of  general  applicability  in  getting  rid  of  dry  refuse. 

Dry  heat.— A  temperature  of  284°  Fahr.  continued  for  three  hours  is  reauired 
to  destroy  all  spores    The  bacteria  themselves  are  killed  at  a  lower  lemperlture 
Fabncs  exposed  to  hot  a.r  at  this  temperature  are  frequently  iniured   and  it  fs 

rolto"'Thrchlerei'ro^  r'^^  ^'^'''^  be-infurek  by 

moisS:  °"  microbes  is  the  removal  of  their  natural 

_  Heated  air  is  not  a  reliable  disinfectant  although  readily  and 
inexpensively  carried  out  on  a  large  or  a  small  scale  Hot  dvv  air 
does  not  easily  penetrate  the  inside  of  a  thick  bed  or  a  roll  of  blankets 
which  may  not,  even  after  prolonged  exposure  to  dry  heat  reach  the 
ernperature  required  to  kill  diselse-germs.  One  hal  constant^  sub- 
jected articles  to  dry  heat  in  an  extemporised  baker's  oven  havinff  a 
nST  framework  covered  with  clay,  the  articles  rebuking 

fhe  oven  ""^'^  ^^^"^"g  the  interioi  of 

,  — ^^^^^^i/  is  one  of  the  most  common  and  readiest  method, 

of  disinfection  to  practise  on  a  small  scale.    Most  micXT  ar^  kiUed 
by  a  few  minutes'  boiling  in  water,  and  all  are  killed  by  half  an  hour's 
flift"''"'^  -ommended  for  soiled'  l^d-linenrd 

a^crtrSt^u^io^^Tor"^  f 

introduction  of  washing  soda.-altpt^^^^^^^^^^^^^ 

great^pln^^aTilg^^^^^^^  ^^^''l'^  -"^^le.  rapid  and  has 

in  a  il  minutes^  Tis  beS^utS'nr  gesture.'  "^'^"^'^  '''''' 

articll^of'lthTSwT;^":!^^^^  «t-^-ng 
in  India  has  bL^n  Wely  used  in  ^  ^'"T^'  '""i  ''''''^  ^'^^^ 
clothes.    It  is  very  dS  fp  f  h.^  ^vith  plague  infected 

in  all  large  cantonmentr  ^i.  nf '^^^  an  apparatus  should  be  provided 
cantonments  is  beTcarried  n„/  H    "  ?^  ^^'^^^"g  i°  i^'-ge 

apparatus.    The  mTst  Tn!  n  f'^'"'^  form  of  steam  disinfeetiL 

Lyon's,  which  are  'Lfw  ^^  ^  T^""^  '"'^  Washingtof 
various' other  patter^slfuse?  "'"'^  ^"^^  ^here^are 
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Current  steam. — Articles  may  be  disinfected  or  sterilised  by  exposing  tbem 
to  the  action  of  current  steam  (212'  F)  at  the  pressure  of  the  air  for  three  hours. 
A  current  is  necessary  to  expel  the  air  from  the  interstices.  Exposure  for  one  hour 
to  steam  at  212'  P.  will  destroy  all  pathogenic  bacilli  and  their  spores.  The  penetrat- 
ing power  of  moist  heat  in  the  form  of  steam  is  due  to  the  condensation  of  the  steam 
as  it  advances  into  a  cold  object,  and  the  formation  of  a  partial  vacuum  which  is  at 
once  filled  by  more  steam  from  behind,  and  so  on.  As  the  steam  condenses  it  parts 
with  its  latent  heat  and  raises  the  temperature  of  the  matter  in  the  vicinity  to  a 
high  degree. 

Large  bundles,  such  as  mattresses,  pillows,  carpets,  etc.,  are  best  disinfected 
by  steam  in  a  large  disinfecting  chamber  specially  constructed  for  materials 
of  this  kind.  It  usually  consists  of  a  receptacle  or  chamber  into  which  the  articles 
are  placed  ;  the  apparatus  should  permit  of  being  tightly  closed  and  it  should  be 
insulated.  The  wall  of  the  receptacle  should  be  double  with  an  intervening 
space  which  can  itself  be  heated  by  live  steam.  The  outside  wall  surrounding 
this  space,  called  the  steam  jacket,  should  be  insulated  to  prevent  the  rapid  loss 
of  heat  from  the  interior ;  the  materials  to  be  disinfected  are  placed  m  the  inner 
chamber  which  is  then  closed.  The  steam  is  admitted  to  the  jacket,  thereby 
raising  the  temperature  of  the  container.  After  exposure  for  the  requisite  time 
the  steam  is  turned  off  from  the  inner  chamber  while  the  jacket  is  kept  hot.  Air 
is  then  slowly  admitted,  thereby  driving  the  steam  from  the  material  undergoing 
disinfection  and  preventing  the  articles  from  becoming  saturated  as  a  result  of 
condensation. 

Apparatus  for  applying  steam  under  pressure  (ire  the  same  in  principle 
of  construction  as  those"for  large  steam  disinfecting  appliances  They  have  to  be 
more  strongly  made  and  able  to  stand  a  pressure  ot  15  pounds  of  steam  to  the 
snuare  inch  iA  the  chamber,  while  the  space  between  the  inner  and  outer  sheds- 
the  acket- should  bear  a  pressure  of  100  pounds  to  the  square  inch  The  articles 
Le  placed  in  its  interior  and  the  doors  closed.  The  steam  is  ^^'^^.fZ  j.TJml 
iacket  which  is  gradually  raised  to  the  maximum  temperature.  In  the  meantime 
the  air  is  exhausted  from  the  interior  until  a  pressure  of  less  than  one  half  the 
atmosphere  is  obtained.  The  steam  is  now  allowed  to  /ow  gent  y  throngh  he 
articles  to  be  disinfected,  gradually  raising  the  pressure  from  15  to  18  pounds  to  the 
sauare  inch.  The  pressure  within  the  chamber  is  raised  and  lowered  by  VHlves 
Pontromne  the  ingress  and  egress  of  the  steam,  thus  imitating  the  way 
cZpreS  ^1^^°  attempting  to  saturate  it 

S  flaid  After  time  has  been'^allowed  to  permit  complete  Pei^etrat.on  o  the 
Materials  within  the  heat  is  turned  off  from  the  interior  m  order  to  facilitate 
ryfng  so  that  the  articles  are  removed  quite  as  dry  as  they  were  when  placed 
in  tlie  chamber. 

Qatiirn+Pfl  ateamine  or  live  steam  is  equal  in  power  to  boiling,  the  articles 
being^plaS^d^i'^^^^^^^^^  ^«  supplied  in  a  quantity 

Bufficieut  to  keep  up  a  temperature  to  near  212  >. 

Chemical  disinfectants.-These  are  of  three  classes-^as.s,  liquids 
and  soivis.  The  three  common  gaseous  disinfectants  m  use  are 
sulDhur  dioxide,  formaldehyde  and  chlorine.  Gaseous  disinfectants 
are  cSefly  used  for  rooms  and  other  places  infected  with  such  diseases 
as  small-pox,  measles,  plague,  and  cholera. 

Sulphur  dioxide.-This  gas  is  heavier  than  air  and  therefore 
liffnfes  slowly  In  the  absence  of  moistm-e  it  does  not  kil  germs. 
Cold  water  takes  up  30  times  its  volume  of  the  gas  forming  sulphurous 
.^d  which  is  the  real  disinfecting  agent.  Its  great  advantage  hes  in 
its  cheapness  and  the  comparat1ve%ase  with  which  t  can  be  carried 
nut  U  kills  all  vermin,  rats,  mice,  fleas,  mosquitoes  flies,  etc., 
wel   as  most  bacteria.     It  does   not    kill   spores,  hence  it  is 
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useless  in  disinfecting  after  tetanus.  It  bleaches  vegetable  colour- 
ing matter,  many  aniline  dyes,  acts  on  most  raetals  and  to  some 
extent  on  linen  and  cotton  fabrics.  One  pound  of  sulphur  gives  ]'I5 
per  cent,  of  sulphur  dioxide  gas  in  1600  cubic  feet  of  air  space. 
At  least  5  per  cent,  of  the  gas  should  be  present  to  kill  non-sporing 
micro-organisms  after  24  hours'  exposure.  To  be  really  effectual  at 
least  4  pounds  of  sulphur  should  be  burnt  for  every  1,000  cubic  feet  of 
air  it  is  intended  to  fumigate. 

There  are  many  methods  of  use.  The  broken  up  sulphur  may  be 
put  into  an  iron  pot  standing  in  water.  The  bulk  of  the  sulphur  should 
be  hollowed  in  the  middle,  the  hollow  filled  with  methylated  spirit  and 
then  lighted.  The  placing  of  powdered  sulphur  on  live  coals  as  is 
usually  done  is  useless.  Dry  sulj)hur  dioxide  gas,  even  when  concen- 
trated, has  no  action  on  germs  unless  it  is  combined  with  watery  vapour 
to  form  sulphuroiis  acid  gas.  Before  commencing  the  burning  process 
all  the  doors,  windows,  chimneys,  chinks,  or  other  apertures  commu- 
nicating with  the  outside  air,  should  be  closed.  After  the  sulphur  fires 
within  have  gone  out,  the  doors  and  windows  should  remain  closed  for 
12  hours  at  least,  then  opened  and  currents  of  air  allowed  to  pass 
through  them  for  six  hours  before  the  room  is  re-occupied. 

The  Ulayto7i  apparatus  is  the  best  for  giving  full  effect  of  sulphur  fumigation. 
The  sulphur  is  burnt  in  a  furnace  and  the  sulphur  dioxide  gas  removed  by  a  cen- 
trifugal fan  through  hoses.  Another  fan  removes  the  air  from  the  infected  room 
(or  place  being  disinfected)  automatically,  and  passes  it  back  over  the  burning 
sulphur.  In  this  way  a  pressure  of  the  gas  can  be  obtained.  It  is  an  excellent 
arrangement,  killing  all  non-sporing  bacteria,  rats,  mice  and  insects.  It  may  also 
be  used  to  disinfect  grain  in  btdk,  stores,  houses,  huts,  hospital  wards,  ships,  etc. 

Liquid  sulphur  dioxide.— This  is  sold  in  tins  with  about  20  ounces  condensed 
into  a  liquid  by  pressure.  The  leaden  nozzles  of  several  tins  are  cut  simultaneously 
and  quickly  loverted  into  an  iron  pot,  the  operator  making  a  speedy  exit  Its 
great  disadvantage  is  its  expense. 

Sulphur  dioxide  has  been  largely  superseded  by  formaldehyde  gas.  The  great 
disadvantages  of  most  gaseous  disinfectants  are  the  degree  of  concentration  of  the 
gas  required,  the  necessity  of  closing  all  openings  communicating  with  the  outside 
carefully,  and  the  length  of  time  they  take  to  operate  efficiently.  Every  medical 
othcer  knows  that  the  ordinary  Indian  bungalow  is  difficult  to  fumigate  thoroughly. 

iFormaldehyde  gas.— This  is  one  of  the  most  generally  useful  aud 
one  of  the  best  general  disinfectants  we  possess.  .  It  is  a  powerful  o-er- 
micide,  IS  not  destructive  to  clothes,  and  is  also  a  good  deodorant.  ^  It 
IS  one  of  the  few  gaseous  disinfectants  that  may  be  used  for  disinfect- 
mg  houses  without  injuring  metals,  draperies,  clothes,  etc.  It  kills 
all  organisms  whether  they  are  dry  or  wet.  Its  defect  is  its  slow 
ditlusion  and  ow  penetrating  power.  To  get  the  full  effects  of  the  gas 
the  air  must  be  saturated  with  it.  It  kills  moiiquitoes  but  does  not 
•atlect  stich  insects  as  cockroaches  and  beetles.    For  the  practical  Mnn- 
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fectioii  of  rooms  it  is  given  oflf  in  various  ways.  One  of  the  best  is 
that  of  heating  pam/or77i.  The  drug  can  be  obtained  in  tabloids  of 
which  2C  or  30  are  heated  in  some  such  receptacle  as  the  "  Alformant " 
over  a  spirit  lamp;  the  gas  difi'uses  in  the  room.  It  is  also  obtained 
by  boiling  formalin  solution.  Many  forms  of  apparatus  are  in  use  such 
as  retorts,  autoclaves,  etc.  Thresh's  portable  emergency  disinfector 
is  a  movable  box  chamber  under  which  a  tray  of  formalin  solution  is 
vaporised  with  a  lamp  and  the  gas  and  steam  enter  and  disinfect 
articles  placed  inside. 

Formaldehyde  gas  is  one  of  the  most  popular  disinfecting 
fumigants  at  present,  and  on  the  whole,  one  of  the  most  useful  and 
reliable.  Formalin  is  a  solution  of  40  per  cent,  of  formaldehyde 
gas  in  water.  Formaldehyde  gas  is  liberated  from  formalin  or  from 
tablets  of  paraform  by  heating  in  a  special  lamp 

Chlorine. — Chlorine  gas  is  a  powerful  disinfectant.  It  is  formed 
by  acting  on  bleaching  powder  with  strong  sulphuric  or  hydrochloric 
acid.  Its  bleaching  action  on  clothes  is  a  great  drawback  to  its  use. 
In  practice  the  gas  is  made  by  adding  half  a  pound  of  pure  hydro- 
chloric acid  to  2  pounds  of  chloride  of  lime. 

Solid  disinfectants — Perchloride  of  oyiercury.—  FeYchloride  of 
mercury  is  a  powerful  disinfectant,  cheap,  and  easy  to  use;  but  it  is  very 
poisonous  to  man  and  the  solution  is  colourless. 

PercJdoride  of  mercury  or  corrosive  sublimate  solution. — The 
best  general  strength  to  use  this  solution  in  is  1  to  1,000.  When  used 
on  a  large  scale  it  is  best  to  make  up  a  stock  solution  consisting  of 
perchloride  of  mercury  10  pounds,  chloride  of  ammonium  2i  pounds, 
water  1  gallon,  dissolving  with  gentle  heat,  stirring  in  an  earthenware 
pot  and  adding  strong  hydrochloric  acid,  2  gallons.  This  makes  a 
concentrated  solution  of  1  in  3  which  should  be  stored  in  glass  stop- 
pered bottles  or  stoneware  jars.  On  a  small  scale  we  add  140  grains  of 
corrosive  sublimate  to  3  drachms  of  strong  hydrochloric  acid  and  a 
gallon  of  water. 

Perchloride  of  mercury  corrodes  metals  and  is  poisonous.  When 
using  it  as  a  disinfectant  we  mix  with  it  a  little  aniline  blue,  or 
fuchsin  powder  to  colour  it  and  avoid  its  being  mistaken  for  water. 

Carbolic  acid.— Carbolic  acid  is  a  poisonous  and  powerful  antiseptic 
and  anti-putrefactive  ;  in  sanitary  work  it  is  a  useful  disinfectant,  but 
inferior  to  cresol.  Solution  of  carbolic  acid  to  be  efficacious  as  a 
disinfectant  should  be  in  a  strength  of  not  less  than  5  per  cent. 
Strengths  weaker  than  this  will  not  kill  bacteria  and  their  spores. 
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Hence  large  quantities  are  required.  In  this  strength  it  may  be  used 
for  disinfecting  walls  and  floors  ;  sick-rooms  may  be  screened  ofif  from 
the  rest  of  the  liouse  by  sheets  saturated  with  the  solution  hung  out- 
side or  across  the  door ;  all  infected  linen  from  the  patient  may  be 
steeped  in  such  a  solution  before  being  removed  from  the  room  when 
the  room  does  not  communicate  directly  witli  the  bath-room  ;  when  the 
room  communicates  directly  with  the  bath-room  the  articles  are  to  be 
at  once  immersed  in  the  solution  contained  in  a  utensil  always 
kept  ready  at  hand  in  the  bath-room. 

Very  weak  solutions  of  carbolic  acid  are  capable  of  preventing  the  multiDli- 
cation  of  microbss  ;  they  do  not  kill  germs,  but  rather  preserves  their  activity. 

i^.       P^^'^'y     ^1'^  volatility  of  carbolic  acid  which  removes  it  in  time,  and 
partly  to  the  peculiarity  of  ita  action,  another  risk  is  associated  with  its  employ. 

The  acid  may  temporarily  deprive  a  microbe  of  its  infective  iDower 
without  permanently  abolishing  it,  the  virulent  properties  may  be 
revived  whenever  the  acid  has  evaporated.  It  was  for  many  years  used 
as  a  germicide,  but  has  of  late  been  largely  displaced  for  disinfec- 
g'rmSTpowt.'''"'  ^'"""^^  ^^^"^^  ^''^'^^  -i-ble 
For  purposes  of  disinfection  carbolic  acid  is  used  in  solutin7n<5  nf  -i  k 

price,  .Ten  when  the  commerce  ot  c™?e  Sii  f  nteS'  ^'f  <'"'°"8='  high 
ellicien I  germicidal  agents.  When  used  it,  h«  t„  S.  fh'  ^  ';«,'»P"?a  "ith  other 
n,at.ri.,  tc  he  di.infclted  so  th.TS  i;S^,?t1nS  iiZT^"tilJ,Ztitll"'' 

.  per  Snt ISiSiSct:  Z  S'ds^S  XSSX^t^S^^^-'  ■ 

variou^  other  v.t.td';s'wi^?rr:  e^tr,  s"°Lr?s 

of  orurlTb^rld/ ■'TW^frr'  'Vthetr^Uon.l  distillation 

-uaU,  a  mi.t„«  o^h.  J  '  MLttTf'  ojet,  °'  T"'' 

form  emulsions.  ^viixcures  ot  cresols  with  soaps 

disinfectant,  three  times 

germs  and  for  ordTnTrr  J-^-^'^  ^f?^  '  *  ^  all 
Saponified  cresoUs   '  ^  disinfection  a  strength  1  to  160  is  sufficient. 

cheapest  und  most  valnl        ^  "^'^  the 
most  valuable  general  disinfectants  we  possess  for  human 


430 


PREVENTION  OF  DISEASE 


excreta.  The  strength  we  use  it  in  is  one  ounce  to  eight  pints. 
In  this  strength  it  prevents  the  multiplication  of  disease-germs  ;  it  is 
a  deodorant,  and  is  disliked  by  flies. 

Lysol.— This  ageut  contaius  about  51  per  cent,  of  cresols  iu  combiuation  with 
potash  neutral  soaps.  It  is  a  brown  oily  liquid  forming  with  water  a  soapy 
liquid.  It  has  about  the  same  effect  on  germs  as  saponified  crosol.  It  is  most 
useful  for  disinfectiug  the  handa.  Its  action  is  like  that  of  carbolic  acid,  but  it  is 
less  poisonous  and  more  actively  disinfectant.  Its  disinfecting  properties  are 
intensified  in  hot  water.  For  disinfection  of  wouuds  it  is  used  in  a  1  per  cent,  solu- 
tion in  warm  water.    It  has  also  a  powerful  cleansing  effect. 

Izal  —I-'cil  is  an  emulsion  containing  40  per  cent  of  carbolic  acid  compounds 
(phenaloicis).  "  It  is  used  as  a  disinfectant  and  antiseptic  (1  part  in  200  of  water).  It 
destroys  bacteria. 

Cvllin  —CvUin  is  derived  from  the  carbolic  acid  group  of  disinfectants.  It  is  a 
proprietary  'agent  and  one  of  the  most  generally  useful  disinfectants  for  this 
country.  It  is  non-poisonous,  forming  a  white  emulsion  with  water  and  is  a  deodo- 
rising germ-killer.  It  is  20  times  as  strong  as  carbolic  acid  as  a  disinfectant,  it  is 
used  as  a  lotion  for  wounds  in  a  strength  of  1  to  200. 

Tpvps'  Fluid.-This  contains  20  per  cent,  of  cresols,  with  a  little  carbolic  acid 
and  soap  It  is  a  dark  brown  thick  liquid  for,ning  a  white  emulsion  with  water. 
Ui«  a  ufeful  household  disinfectant  and  is  largely  used.  It  is  used  as  a  disinfec- 
tant iu  1  or  2  per  cent,  strength  in  water. 

P^rmaneanate  of  potash.-This  salt  readily  gives  up  its  oxygen  to  organic 

.''."^Ssefu'l  rwlshlllg  coX.gS'E«il..  Ier,..„g,.u«.»  ot  pot.„iu„  is  only, 
real  disinfectant  when  iu  5  per  cent,  solution. 

Chloride  of  lime.-This  is  popularly  known  as  bleaching  powder. 
It  destroys  and  bleaches  clothes  fabrics.  Its  best  use  is  for  scruhbing 
infected  floors  and  woodwork  and  disinfecting  excreta.  As  a  disinfec- 
tant a  solution  of  0-5  per  cent  strength  is  necessary.  It  is  a  powerful 
oxidising  agent. 

1  4.;«„    Ti,iB  ia  useful  cheap,  and  to  some  extent  elBcient.  Quick- 

"^^^  :Sofbe\rd  oS^to  kill  disease-germs. 

...-When  fresh,  slaked  limeab^^^^^^^^ 
sive  gases,  such  as  carbon  comiX)und  of  a^^^^^  .  -^^  ^he 

Its  chief  use  is  in  in  oliensive  drains,  or 

imDure  water  of  certain  wells  (see  p.  i  lO)-  J"''-' 
ov?r  rccumulations  ot  filth  to  remove  foul  smell. 

T^■  •  nnwdprs— One  has  no  hesitation  in  condemning  all 

St  dStf^^^^^^^^  whether  of  carbolic  acid  or  other 

the  patent  aisinieutiu^  |  „,nr«P  a<?  the v  merely  conceal 

chemical  agents  as  qu,te  useless  .  n^^^^^ 

efieot  as  disinfectants. 


IN  PEACE  AND  FHONTIER  WARFARE  IN  INDIA. 


431 


There  is  no  perfect  disinfectant.— A  perfect  chemical  disinfectant 
has  jet  to  be  discovered.  Such  a  disinfectant  should  be  stable  and 
not  lose  its  germicidal  power  when  brought  into  contact  with  the 
materials  to  be  disinfected.  It  should  be  destructive  to  bacteria  and 
the  lower  forms  of  animal  life.  It  should  be  cheap,  easy  to  get,  and 
easil}'  used,  and  in  using  it  to  the  tissues  it  should  not  damage  them. 
Because  no  single  agent  at  present  known  answers  all  these 
requirements,  several  have  to  be  used  for  diflferent  purposes.  Whatever 
disinfectant  is  chosen  it  should  be  remembered  that  its  addition 
to  a  fluid  to  be  disinfected  causes  dilution ;  e  a  pint  of  carbolic 
acid  solution  1  in  20  or  o  per  cent,  added  to  a  pint  of  fasces  or  urine 
results  in  a  quart  of  mixture  containing  only  1  to  40  or  2J-  per 
cent,  of  the  carbolic  acid ;  the  same  remarks  apply  to  all  other  liquid 
and  gaseous  disinfectants. 

Most  of  the  disinfectants  enumerated  are  too  expensive  for  use  on  a  large  scale 
in  Indian  cantonments  and  on  field  service,  and  as  a  matter  of  fact,  have  no  special 
advantages  over  the  cheaper  preparations  such  as  crude  commercial  carbolic  acid 
the  cresols,  and  perchloride  of  mercury  solution.  ' 

Except  in  well  organised  cantonments  in  which  the  sanitary  arrangements 
are  under  the  control  of  a  special  sanitary  officer,  it  is  advisable  tb  avoid  the  use 
of  complicated  apparatus  in  the  form  of  pumps  and  sprays  for  nsincr  liquid  disiufpn 
tants  Coohes  to  whom  these  apparatus  have  to  be  entrusted,  rapidly  put  them 
out  of  working  order.  The  only  exception  to  this  is  the  use  of  the  hand  siphon 
T.tl  "^f.djoi-  or  a  foot-pump  spn.y.    Usually  a  few  buckets  or  half 

cxsks  with  hand  mugs  or  wooden  ladles,  ordinary  sweeper's  brooms,  or  bundle  of 
surfaces!'    '  th«  end  of  a  pole,  may  bo  used  for  walls,  floors, \nd  similaj 

Disinfection  in  infectious  disease.-In  the  case  of  all  infectious  disPa«P« 
communicable  through  the  air,  exereta,  or  through  insects  th^  mtip ntl  =i,i  f fi 
solated.    The  room  in  which  a  case  of  infectious  d  se^se  fs  to  be  d  of  ^ 
large  airy  and  well-lighted.    Carpets,  curtains,  Sery  uphols£fo^ 
should  be  removed-a  few  articles  of  furniture  th^t  mny  be  difficte^at  tbp  ^ 
the  Illness  may  be  permitted.    After  the  room  is  once  occuDied  bv  the  ,v^!i^ 
ing  should  leave  it  that  is  not  disinfected.   Com.rSfon  w  th  otW^^^^^^  TH'; 
as  far  as  practicable  be  shut  off.    A  sheet  or  blanke  soaked  iTa  1-1  000  S 
of  mercury  so  ution,  or  a  1^20  carbolic  api.l  ^nl,.Hr^T,         i*!  i        ^.uuu  perch loride 
at  a  few  feet  from  any  used  door  com muSn^^^^^^^  ^  suspended  on  a  line 

bedcovers  should  be  df  washaWe  r^  S     1  S £  oM  b^^';.^ 
than  one  with  a  water-proof  sheet  between  them  ^Iron  be  itP.n« 
springs  are  comfortable.    If  possibleTe  rorrshoul^pirnfJr  Y'^''-M°'f° 
room  and  in  the  latter  are  to  be  place  1  vessels  to  reJe  v^  nT^  '"^^'i" 
and  all  the  disinfectants  recjuire^d.    The  lifen  of  the  b  d  and  .  k    .  T*"""'"^^' 
frequently  changed.     If  the  patient  is    laced  iu!  mom    n     f^^'n  '^'""'^ 
prevent  the  spread  of  infection  must  be  rigHIv  arW^^^^    n   P  ""^'"'^  t° 

containers  for  water,  medicine  glasses  s?)oo  fs       vl^f    ,■  '^'^"Tiug  food, 

the  room  except  in  a  disinfef 

Infected  feeding  and  cooking  utnsUs  :houi?be'£oile^;"f^rY5  Sutfs.^^'^^^^ 

once  Mi/^t*':r  i^Si  ''T' 

ingSpercent.  solution  of  carbolic  'icid  I  vsnl  nr Trl^ 
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Waste-water  from  the  sick-room  may  be  disinfected  by  the  addition  of  corro- 
sive sublimate  (1  —  1000),  carbolic  acid  (5  per  cent  ),  saponified  cresol  (I  per  cent.), 
lysol  (1  per  cent.i  or  creolin  (2  per  cent.).  The  stock  solution  of  corrosive  sublimate 
advised  on  p.  428  is  useful  for  this  purpose. 

Discharges  from  the  .sick,  soiled  infected  rags,  etc.,  should  be  received  into 
vessels  containing  enough  of  some  strong  disinfectant  solution  such  as  saponified 
cresol,  commercial  carbolic  acid,  or  perchloride  of  mercury.  When  these  disinfect- 
ants are  not  available  then  sawdust,  dry  earth  or  lime  may  be  used,  the  excreta 
being  at  once  incinerated.  A  requisite  to  the  disinfection  of  excreta  is  the  thorough 
mixture  of  the  agent  with  all  parts  of  the  material  to  be  disinfected.  When  the 
material  is  liquid  this  is  easy,  but  where  more  or  less  solid  it  is  necessary  to 
add  a  sufficient  amount  of  water  to  render  the  disinfectant  thoroughly  miscible 
with  the  e.vcreta.  The  best  agents  are  s-ipo.iified  cre.sol  (1  per  cent.),  carbolic  acid 
(5  percent.),  creolin  (2 per  cent.),  lysol  (.1  per  cent,  i,  izal  (1  per  cent.).  Emanations 
from  the  skin  should  be  prevented  by  the  application  of  some  weak  antiseptic, 
such  as  carbolic  oil  1  to  100.  Infected  clothing  should  be  allowed  to  soak  in  disin- 
fecting solutions  of  proper  strength  for  at  least  an  hour,  preferably  for  two  hours 

During  the  illness  the  dusting  and  sweeping  of  the  room  is  to  be  forbidden. 
All  surfaces^including  furniture  should  be  wiped  with  cloths  moistened  in  1— 1,000 
solution  of  corrosive  sublimate,  or  a  5  per  cent,  solution  of  carbolic  acid,  but  ihe 
smell  of  the  latter  is  disagreeable  to  the  patient.  Care  should  be  taken  to  reach  all 
corners  and  out  of  the  way  places.  If  a  carpet  is  in  the  room  it  must  be  daily 
cleaned  with  a  brush  or  broom  soaked  in  a  disinfectant ;  if  no  carpet  the  floor  should 
be  daily  wiped  with  a  disinfectant  solution,  or  the  floor  may  be  sprinkled  with 
a  layer  of  sawdust  or  tea  leaves  saturated  with  a  disinfectant,  and  after  brooming, 
the  sweepings  incinerated. 

The  possibility  of  reinfecting  material  that  has  been  disinfected  should  be 
borne  in  mind.  The  device  adopted  in  the  disinfecting  apparatus  of  some  of  our 
largo  Indian  municipalities  illustrate  this.  The  plant  is  divided  into  two  parts 
that  do  not  communicate,  except  through  the  disinfecting  chamber.  The  infected 
materials  are  recei  ved  in  one  end  of  the  building,  loaded  upon  cars  which  are  pushed 
into  the  disinfecting  chamber,  and  the  door  closed.  The  disinfection  having  been 
completed,  the  articles  are  removed  by  other  persons  at  the  other  end  of  the  cham- 
ber which  projects  within  a  part  of  the  building  intended  for  the  reception  of 
disinfected  articles  only.  Those  employed  in  the  two  .sides  of  the  building  do 
not  come  into  contact  with  one  another  when  on  duty. 

Hands. — Those  in  attendance  on  cases  of  infectious  disease  should 
be  specially*  careful  about  the  disinfection  of  their  hands.  In  conse- 
quence of  the  peculiarity  of  the  structure  of  the  skin— the  thick  epi- 
dermis, with  many  ridges  and  furrows,  the  finger-nails,  the  spaces  at 
the  root  of  the  nails,  and  the  crevices  at  the  margins— disinfection  of 
the  hands  is  rendered  difficult,  although  their  thick  skin  permits 
stronger  disinfecting  solutions  being  used.  Ordinarily  the^  hands 
«hould  be  thoroughly  washed  in  soap  and  water,  a  lairly  stiflF  brush 
being  used.  The  space  at  the  bed  of  the  nail  should  be  first  cleaned 
with  a  nail-cleaner  and  a  good  brushing.  This  is  followed  by  the 
use  of  boiled  (and  cooled)  sterilised  water,  then  washed  in  a  1—500 
solution  of  biniodide  of  mercury  or  corrosive  subhmate,  and  finally 
again  in  sterile  water.  If  corrosive  sublimate  or  biniodide  solution  in 
this  strength  irritates,  a  1  per  cent,  solution  of  lyso  or  2  per  cent,  of 
creol  n  or  5  per  cent,  carbolic  acid  may  be  used.  Thorough  brushing 
wTth  soap  aid  hot  water  and  subsequent  washing  in  2  per  cent, 
lysol  or  cylliu  solution  will,  however,  in  most  cases,  remove  infection. 
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A  patient  recoveriog  from  any  infectious  disease,  such  as  small  pox,  retains 
in  the  skin  for  some  length  of  time  a  certain  degree  of  iufectivity.  The  skin  should 
be  thoroughly  cleansed  by  means  of  soap  and  warm  water,  the  water  used  as  hot 
as  can  be  comfortably  borne,  and  finally  the  soap  removed  by  boiled  water  which 
has  been  permitted  "to  cool  to  a  temperature  that  can  be  safely  applied.  The  skin 
should  now  be  further  washed  in  a  5  per  cent,  solution  of  carbolic  acid  or  a  1—1,000 
of  corrosive  sublimate.  In  those  with  a  delicate  skin  solutions  of  half  this  strength 
should  be  used.  .  .  '      .     .  ' 

Disinfection  of  rooms.  — At  the  termination  of  an  illness  the 
method  of  disinfection  varies  in  different  places.  Under  ordinary  cir- 
cumstances the  following  is  recommended.  If  the  room  is  not  very  clean, 
if  it  contain  carpets,  curtains,  draperies,  etc.,' it  is  well  to  give  it  a  prelim- 
inary disinfection,  which  to  some  iextent  niay  prevent  infection  in 
those  who  subsequently  give  it  a  more  thorough  cleaning.'  The  windows 
are  closed  and  sealed  by  caulking  around  the  sides'  with  strips  of  cotton, 
wool,  or  old  cotton  clothes  torn  into  strips,  or  by  pasting  over  the 
crevices  strips  of  some  adhesive  paper,  or  b}' ordinary  puttyl '  Sheets 
moistened  in  solution  of  formaldehyde  or  other  disinfectant  may 
be  thrown  over  chairs  or  suspended  from  ropes  running  across  the  room, 
the  room  being  closed  for  twenty-four  hours.  'Where  this  pireliminary 
disinfection  is  not  carried  but  and  the  room  is  to  be  at  once  disinfected, 
the  windows  and  doors  are  to  be  sealed  as  above.  Those  engaged  should 
preferably  wear  rubber  goloshes,  and  long  washable  overcoats  or  dusting 
smocks  closed  from  neck  to  feet.  Gaseous  fumigation  may  be' 'carried 
out  with  sulphur  dioxide  gas  or  formaldehyde  gas  in  the  manner  preyi^ 
ously  described  (pp.  427-429). 

In  disinfecting  huts  in  regimental  bazars  and  followers'  lines 
one  of  the  first  things  to  do  is  to  light  a  large  fire  in  the  neighbourhood 
and  into  it  throw  all  old  rags,  all  articles  used  by  the  patient  that  cannot 
be  properly  disinfected,  and  all  rubbish  found.  In  some  cases  it  is 
advisable  also  to  remove  the  tiles  or  thatch  to  allow  the  sunlight  to  get 
at  the  interior  of  the  hut  or  room.  All  infected  old  clothes,  straw, 
grass  or  bamboo  or  cocoanut  mats  should  be  wrapped  in  a  sheet  saturated 
with  disinfectant  solution,  or  in  a  water-proof,  thrown  on  to  the  fire,  and 
burnt  in  the  compound. 

After  fumigation  in  cantonments  where  there  is  a  proper  steam 
disinfector,  the  mattresses,  pillows,  cushions,  and  all  bulky  articles  are 
put  into  air-tight  bags  or  waterproofs  anrl  removed  to  the  disinfecting 
station.  If  a  caqoet  has  been  in  use  it  is  sprinkled  or  sprayed  on  both  sides 
with  a  I— '20  carbolic  acid  solution  (or  solution  of  one  of  the  cresol 
disinfectants),  rolled  and  placed  on  an  air-tight  receptacle,  in  which 
it  18  removed  with  the  other  articles.  ; 

The  walls  should  be  sprayed,  scrubbed,  or  mopped  with  a  1-500 
solution  of  corrosive  sublimate,  or  5  per  cent,  solution  of  carbolic  acid 
or  o  per  cent   solution  of  creolin  or  lysol,'  2  per  cent,  saponified  cresol' 
or  2|  per  cent,  solution  of  formaldehyde.      '    .  ' 
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The  best  form  of  spray  for  this  purpose  is  the  ordinary  foot- 
pump  spray  used  for  spraying  flowers,  with  a  short  rubber  tube  and 
a  fine  rose  nozzle.  Walls  may  also  be  disinfected  by  scrubbing  with 
one  of  the  above-named  solutions.  After  disinfection  the  walls  should 
be  scraped  and  re-liraewashed.  After  thorough  disinfection  and 
cleansing  of  the  barrack  or  hut,  free  ventilation  and  the  admission  of 
as  much  sunlight  as  possible  are  important  auxiliaries  in  getting  rid 
of  infection. 

Latrines. — If  latrines  are  initially  well  made,  kept  in  complete 
repair,  and  properly  worked,  they  should  not  need  disinfection.  During 
epidemics  of  disease  communicable  through  human  excreta,  however, 
it  is  in  all  cases  advisable  to  disinfect  them. 

It  is  occasionally  necessary  to  disinfect  cess'pitf^  and  damp,  slimy, 
muddy  places.  Sulphuric  acid,  1  in  250  or  4  ounces  to  4  gallons,  is 
probably  the  best  substance  to  use  in  these  circumstances.  Another 
excellent  disinfectant  for  this  purpose  is  chloride  of  lime  when  of 
sufficient  strength  (4  per  cent.).  Two  parts  of  milk  of  lime  to  10  parts 
pf  the  material  to  be  disinfected  is  much  less  useful,  but  often  the 
only  agent  avaihible.  Urine  may  be  disinfected  with  a  2  per  cent. 
Bolution  oflysol,  cyllin,or  izal;  5  per  cent,  of  carbolic  acid,  or  1  per  cent, 
saponified  cresol,  or  5  per  cent,  of  formalin. 

Incinerators  for  hospitals— Every  hospital  in  cantonments  should 
be  provided  with  some  form  of  incinerator  which  can  at  least  deal  with 
the  excreta  of  all  infectious  diseases  cases.  Small  incinerators  of  the 
Cook-Young  or  other  pattern  may  be  inexpensively  erected  in  almost 
any  hospital  compound  and  worked  without  being  a  nuisance.  Portable 
.metal  night-soil  destructors  for  dealing  with  small  quantities  (up  to  20 
gallons  in  the  24  hours)  are  easily  made  or  procured. 

Sputum,  spit  or  expectoration.— When  sputum  is  dry  or  likely 
to  become  dry,  as  on  cloths,  pocket  handkerchiefs,  or  Japanese  paper 
(recommended  bv  many),  burning  is  the  safest  and  most  convenient 
method  of  destroying  the  germs  they  contain.  Those  suffering  from 
diseases  communicated  through  the  sputa  should  use  a^  non-metallic 
vessel  containing  a  5  per  cent,  solution  of  carbolic  acid,  izal,  lysol, 
creolin,  or  a  2  per  cent,  solution  of  saponified  cresol.  Corrosive  subli- 
mate is  not  a  good  disinfectant  for  sputa.  Spittoons  are  easier  to  clean 
if  the  disinfectant  solution  they  should  contain  has  in  it  an  alkali  ;  this 
alkali  should  not  be  incompatible  with  the  disinfectant.  All  disinfected 
sputa  should  be  incinerated. 

Disinfection  of  food.— All  salads,  celery,  tomatoes,  cress,  and  fruit 
may  be  immersed  for  half  an  hour  in  3  per  cent,  of  tartaric  acid  and 
afterwards  washed  in  sterile  water,  or  washed  in  5  per  cent,  formalip 
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solution,  which  is  harmless.  Where  reliable  disinfection  of  such  articles 
under  responsible  supervision  is  not  obtainable,  they  should  be  alto- 
gether eschewed  at  periods  of  filth-borne  epidemic  disease,  or  only  used 
when  properly  cooked. 

Clothes. — The  disinfection  of  all  infected  clothes  is  most  import- 
ant, especially  in  the  case  of  small-pox  and  tiie  eruptive  fevers  generally  5 
the  contagia  adhere  specially  to  woollen  articles  and  may  be  thus 
readily  transported  and  disseminated.  The  clothes  of  infected  sick 
persons  should  never  be  sent  to  dhobies  before  thorough  disinfection. 

Clothing  may  be  disinfected  by  (1)  boiling  for  half  an  hour,  or 
(2)  complete  immersion  in  corrosive  sublimate  solution  I  to  1,000  for 
an  hour.  Such  articles  as  blankets,  quilts,  mattresses,  pillows  and  carpets, 
are  best  disinfected  in  a  steam  disinfector,  or  soaked  thoroughly  in 
perchloride  of  mercury  solution  1 — 1,000  for  an  hour,  preferably  for  two 
hours,  and  then  dried  in  the  sun.  Ptxactically  all  clothes  may  be  disin- 
fected by  soaking  in  5  per  cent,  formalin  solution  and  then  washing. 
When  the  articles  would  be  damaged  by  boiling  they  should  be  put 
into  a  suitable  disinfecting  chamber  where  such  is  available. 

Woodwork  should  be  scrubbed  with  perchloride  of  mercury 
solution  (1  to  500)  for  half  an  hour,  or  saponified  cresol  (2  per  cent),  or 
lysol  (2  per  cent.)  solution.  Bedsteads  may  be  sprayed  and  washed 
with  I — 500  perchloride  of  mercury  solution,  a  5  per  cent,  hot  carbolic 
acid  solution,  or  2  per  cent,  saponified  cresol  solution. 

Earthenware  articles  should  be  washed  with  corrosive  sublimate 
solution  (1-1000). 

Stables  should  be  sprayed  from  roof  to  floor  inclusive  with  1. — 500 
perchloride  of  mercury,  or  5  per  cent,  of  carbolic  acid,  creolin,  or 
formalin,  or  2  per  cent,  of  saponified  cresol.  The  walls  should  then  be 
scraped  and  white-washed.  All  the  loose  articles  in  it  should  be  dealt 
with  as  statei  under  their  headings. 

Rail-Way  carriages  may  be  disinfected  by  formaldehyde  gas  or 
sulphur  dioxide  as  recommended  for  rooms,  but  all  parts  of  interior 
of  the  carriage  should  be  sprayed  with  a  1—500  perchloride  of 
mercury,  or  I  in  20  carbolic  acid  solution,  or  2  per  cent,  of  saponified 
cresol ;  cushions  .should  be  wiped  with  5  per  cent,  carbolic  or  2  percent 
saponified  cresol  solution,  and  curtains  soaked  for  a  few  hours  in  it. 

Wheeled  vehicles  drawn  by  horses  or  otherwise  may  be  fumio-ated 
by  being  run  into  a  shed  and  fumigated  with  sulphur  dioxide  or 
formaldehyde  vapour.  All  loose  upholstery  should  be  removed  and 
treated  sepai-ately,  the  rest  of  the  interior  being  then  dealt  with  as 
in  the  case  of  the  furniture  of  an  infected  room,  washed  with  5  per 
cent,  carbolic,  lysol,  or  formalin  solution,  2  per  cent,  saponified  cresol 
solution ,  or  1  -  500  of  perchloride  of  mercury.  ^  ^ 
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Tents  may  be  disinfected  by  saturating  with  1—500  perchloride 
ot  mercury  solution,  or  5  per  cent,  carbolic  or  formalin  solution,  then 
spread  out  in  the  sun  to  dry,  being  turned  every  few  hours.  The  inner 
and  outer  flies  should  be  dealt  with  separately. 

Disinfection  of  dead  bodies.— When  a  person  has  died  of  com- 
municable disease  the  body  should  be  encased  in  one  or  more  sheets 
saturated  with  a  1  in  20  carbolic  acid,  or  1  in  500  corrosive  sublimate 
solution,  or  one  of  the  cresol  solutions,  and  be  cremated  or  buried  as 
early  as  possible.  If  any  discharges  are  likely  to  occur  from  the  body 
it  should  rest  on  sawdust  saturated  with  a  disinfectant  solution  or 
on  a  layer  of  lime,  or  dry  earth,  the  latter  also  saturated  with  a 
disinfectant.  i 

For  the  disinfection  of  carcases  of  animals  dead  of  bacterial 
disease,  destruction  by  fire  is  the  best  method  of  dealing  with  them, 
but  it  is  rarely  practicable.  They  are  usually  buried  in  a  deep  pit  of 
sufiScient  size,  the  carcase  being  thrown  on  to  quicklime  which  agent 
should  also  be  thrown  upon  and  all  round  them.  The  abdominarand 
thoracic  cavities  should  first  be  opened  so  that  the  lime  can  reach  these 
regions.  With  large  animals  such  as  camels,  horses,  cattle  and 
donkeys,  it  is  advisable  in  all  cases  to  eviscerate  them  first  and  fill  the 
interior  of  the  cavities  with  lime,  the  viscera  being  thrown  into  the  pits. 

Chief  Diseases  of  Troops  in  Peace  and  Frontier  Warfare 

and  their  prevention. 

General  Remarks  on  Fevers. 

Nature  of  fever  or  pyrexia.— Fever  is  a  complex  morbid  process,  the  most 
characteristic  indication  of  which  is  a  rise  of  temperature  above  the  normal.  It  is 
attended  with  acceleration  of  the  pulse  and  breathing,  thirst,  loss  of  or  decreased 
appetite,  and  often  disturbance  of  digestion.  There  are  also  perverted  tissue 
changes  as  shovrn  by  alterations  of  the  secretions  which  may  be  completely  .nrrested 
or  diminished  in  quantity,  and  changed  in  quality;  especially  is  this  the  case 
with  the  urine  which  is  lessened  in  quantity  and  darker  than  normal,  aud  tliere  ia 
increased  oxidation.  From  the  retention  in  the  blood  of  abnormal  prodncts  of 
metabolism,  and  of  the  waste-products  of  normal  metabolism,  other  symptoms  are 
often  caused,  such  as  malaise,  depression,  headache,  sleeplessness  and  delirium. 
When  fever  is  continued  wasting  occurs,  partly  as  the  result  of  the  increased 
oxidation  processes  and  partly  from  other  causes. 

The  average  normal  temperature  of  the  adult  is98'4°F.  ;in  health  it  may 
Tary  from  this  a  little  more  than  a  degree  (from  97 '8^  F.  to  il9-5^  F.).  It  is  slightly 
raised  after  meals  nnd  by  exertion.  Tlie  daily  minimum  temperature  occurs  between 
2  A.M  and  .5  a.m.,  and  the  daily  maximum  between  4  and  6  in  the  evening.  TlJe 
average  difference  between  maximum  and  minimum  is  1'2^  F. 

While  we  do  not  completely  understand  the  whole  of  the  processes  in  operation 
during  fever,  there  are  certain  points  in  connection  with  it  more  or  less  generally 
reccnised.  The  normal  temperature  of  the  body  depends  tipou  the  production  of 
heat"or  thermoc/enesis,  which  chiefly  takes  place  in  the  muscles  and  larger  glands 
of  the  body,  such  as  the  liver  ;  aiid  upon  heat-loss  or  thermolysis,  which  occura 
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chiefly  from  the  skin  and  lungs.  The  production  of  heat  is  controlled  by  nerves 
arising  from  certain  nerve  centres  iu  the  innermost  part  of  the  cerebrum  ;  the  heat 
loss  is  probably  under  the  control  of  the  central  nervous  system  iu  the  medulla 
oblongata.*  It  is  also  highly  probable  that  there  is  a  part  of  the  cerebrurfii 
which  has  the  function  of  keeping  up  a  balance  between  heat-productiou  and  heat- 
loss  (thermotaxis),  this  probably  existing  iu  the  surface  of  the  brain. 

Heat-regulation,  heat-production  and  heat-loss,  may  one  or  all  be  disturbed 
in  fever,  and  it  is  aa.'umed  that  in  the  infectious  fevers  at  least,  the  toxins  manu- 
factured by  microbes  enter  the  blood  and  affect  the  uerVe  centres  ;  but  fever  may 
spring  from  disease  conditions  operating  directly  on  these  nerve  Centres.  We 
know  that  in  uninfected  surgical  wounds,  if  the  discharges  are  absorbed  fever  arises 
and  that  the  same  may  arise  in  injury  of  certain  nerve  centres  from  falls  or  blows 
■without  any  external  injury. 

In  infectious  fevers  the  disturbance  of  the  heat-regulating  centres  of  the 
nervous  system  is  probably  caused  in  most  cases  by  the  poisonous  products  of  the 
Specific  microbe  of  the  disease.  There  is  also,  through  excessive  heat,  increased 
-waste  of  tissues,  to  which  is  aided  lessened  excretion.  There  is  lii-.ewise  an  accumu- 
lation within  the  blood  of  poisonous  materials  from  the  germs,  and  also  from  tissue 
■waste.  Thehveraud  kidneys  carry  out  their  functions  as  eliminators  of  waste 
material  defectively.  The  excessive  heat  production,  together  with  diminislied  lo^s 
go  on  so  long  as  toxins  continue  to  be  manufactured  and  circulated  iu  the  blood  "it 
IS  the  disparity  between  heat-production  and  heat-loss  at  the  becinnintr  of  Tninir 
fevers  that  gives  rise  to  shivering  fits.  ^  many 

As  disease-germs  multiply,  they  create  poisons  called  to.vim  wliich  produce  tho 
symptoms  of  the  disease  from  which  the  patient  is  suffering-one  of  the  princiDal 
effects  is/ei.e/- with  which  is  associated  headache,  nausea,  or  vomiting  and  n  hnf 
dry  skin.    They  not  only  produce  toxins  but  after  a  time  anti-to.vhs,  which  he^n  to 
neutralise  the  harmful  effects  of  the  toxins,  prevent  the  germs  multii^vinJnnv 
further,  and  may  eventually  kill  them.    This  only  occurs  as  a  rule  after  the  #erm^ 
have  continued  m  the  living  body  for  some  time.    Frequently  the  number  of  fJZi 
Vnfra^l  Juti'oduced  into  the  body  ia  so  great  and  the  toxins  are  so  rapWly  pfoCd 
m  large  and  o-verwhelming  quantities,  that  they  kill  the  patient  befo?p  H  p!n 
anti-toxins  are  formed.    This  occurs  in  very  severe  typhoid  fever  Xn  the  r^nH  ^ 
dies  during  the  first  week,  iu  cholera  wh/n  the  patient  dies  it  miy  be  n  the  ^ 
two  or  three  hours  without  mainfesting  the  usual  characteristic  sLntom,^ 
disease,  and  in  septicfemic  plague.    Fe-^er  may,  however    occur  Yuie  a^' °I 
microbes  as  when  iehrin  flr.nent  is  absorbed  during  rou-bacfteri    infl  .m^^^ 
It  IS  possible  also  that  certain  chemical  products  absorlXirthe  resu  r"^^ 
metabolic  processes  in  the  body,  or  from  poisonous  nroteil  in  n,/ 
tract,  may  likewise  produce  fever.  Poisonous  proteids  in  the  alimentary 

Degrees  of  fever  -A  temperature  of  from  100  4°  F.  to  101-2=  F  i«  ^ 

ture  if  at  all  lasting  is  a;  VTurflang'o us  '  o  ''"^^K 
collapse  temperature,  92  to  96'  F.,  subnormal  tempo,  at  are  iTto  97  5°%     u  ''f ' 
al  fevers  begin  with  malaise,  disinclination  for  mentll'or^^^^^^^^^^  i.™^t'<=''^l'y 
ache,pa,ns  in  the  limbs  and  back,  followed  byTfeel  t^^^ 

mterrtiptedonceorrepLtedly  by  a  mtl^r;f.{l:\rrera?uUZt^ 

eyste.L'iuUeSlVeS^  P«-^'  of  the  nervons 

Avith  both  of  these    It  contains  se^^^^^^  spinal  cord  below,  and  contintio  a 

Of  breathing  and  regulatTou'oUh  jSou  oU^.t^t' '^''^  '^'^^^ 
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the  normal,  and  followed  by  a  renewed  exacerbation  ;  in  it  the  diBerence  between 
the  morning  and  evening  temperauire  is  more  tlian  l'^  F.  An  intermittent  fever  is 
one  in  the  course  of  which  a  complete  intermission  takes  iilace  once  or  repeatedly  • 
that  IS  to  say,  in  the  progress  of  the  case  the  temperature  becomes  normal  'or  even 
subnormal),  remains  normal  for  an  apjireciable  time  of  greater  or  less  duration,  and 
subsequently  rises  to  about  its  previous  level.  Usually  the  fever  lasts  for  only 
a  period  of  the  day,  there  being  a  freedom  from  fever  during  the  rest  of  the  day. 
A  continued  fe'ier  is  one  in  which  the  temperature  pursues  an  uninterrupted 
course,  without  sudden  varialion  from  beginning  to  end ;  the  diurnal  variation  does 
not  exceed  18^  F.  ;  the  first  rise  may  lie  sudden  or  gradual,  there  may  be  steady 
maintenance  of  a  maximum  or  continuous  increase;  there  may  be  gradual  or 
sudden  final  lowering  of  temperature,  but  thero  is  not  a  decided  fall  and  a  renewed 
rise  duriiii,'  the  progress  of  the  disease.  A  specific  fever  is  on  essential  fever 
due  to  a  sijeciflc  pathogenetic  agent— typhoid  fever,  plague,  and  small-pox  for 
examples. 


Stages  of  fevers.— The  course  of  acute  infectious  fevers,  especially  those 
associated  with  eruptions,  are  divided  up  as  follows 

(1)  Stacje  of  incuhation — from  the  time  of  infection  to  the  commencement  of 

the  phenomena  of  the  disease. 

(2)  Prorlromnl  stage  or  stuge  of  infusion— irom  t\i&  \)e^\nmi\g  of  the  fever  to 

the  breaking  out  of  the  eruption. 


(3)  Erupiive  stage. 

(4)  Stage  of  desquamation  or  defervescence. 


During  almost  all  non-eruptive  febrile  diseases,  the  fever  is  marked  by  three 
stages  :— (1)  The  time  during  which  the  temperature  continues  to  rise  ;  (2)  the  acme 
(or  fastigiumi,  or  period  of  little  change  in  the  temperature  which  is  usually  high  ; 
B.nd  ('6),  the  period  of  (Jecreusing  temperature  {or  defervescence)  The  disease  may 
terminate  rapidly  in  a  few  hours— this  is  by  crisis,  or  it  may  decrease  slowly  and 
extend  over  several  days,  which  is  known  as  lysis 


All  infectious  fevers  run  a  more  or  less  typical  course,  and  the  temperature  is 
to  be  taken  at  regular  intervals  during  the  whole  time  fever  is  present.  This  is 
recorded  ou  a  temperature  chart  which  at  once  shows  the  nature  of  the  feier  curve, 
which  in  many  of  these  fevers  is  fairly  characteristic.  In  practically  all  cases  where 
fever  exists  the  temperature  varies  during  the  day  ;  in  the  morning  there  is  a 
moderate  decrease  (remission),  in  the  evening  an  increase  (exacerbation). 


(jjjjllg. —If  the  body  temperature  rises  very  suddenly  while  the  radiation  of 
heat  is  lessened  by  contraction  of  the  blood  vessels  of  the  skin,  the  patient  has  a 
sensation  of  being  cold  which  manifests  itself  by  involuntary  shivering,  chattering 
of  the  teeth,  and  shaking  of  the  entire  body.  A  chill,  rigor,  or  shivering  fit  appears 
at  the  beginning  of  many  acute  infectious  diseases -pneumonia,  plague  and  in- 
fluenza, or  there  may  be  repeated  chills  at  regular  intervals  (malaria,  septic  diseases, 
tuberculosis,  etc.j. 

lu  taking  the  temperature  a  self -registering  thermometer  is  used,  the  highest 
1  oint  of  a  little  rod  of  mercury  in  the  tube  of  the  glass  rod  indicating  the  tempera- 
t  re  which  is  slio.vn  by  the  figures  and  horizontal  lines  ou  the  thermometer. 
Minute  thermometers  are  useful  tor  this  purpose  and  usually  accurate. 

ThP  state  of  the  pulse.-The  pulse  see  p.  14G  is  felt  by  placing  the  finger. 
„nt  the  index  linfier,  upon  the  radial  artery  a  little  above  and  to  the  outer  part 
oTihe^ft^nt  o  th^  ItiB  counted  for  i  or  ^  a  minute    and  multiplied  by 

4  or  2  to  givo  the  rata  per  minute.    We  at  the  same  time  feel  whether  it  la  regular  of 
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Irregi; 
smiill 

condition  of  the  pi; 
men  after  many  years  of  practice. 

All  infectious  fevers  may  assume  what  is  called  the  fl/phnid  state,  which  is 
always  dangerous.  Ti/p/wid  state  is  a,  phrase  used  by  medical  men  to  indicated, 
low  condition  of  the  body  which  comes  on  in  very  seriOiiH  illnesses,  and  is  genemlly 
associated  with  a  decline  of  the  previously  more  acute  symptoms;  there  is  a 
rapid,  soft  and  compressible  pulse  ;  dry,  brown,  trembling  tongue,  which  the  patient 
puts  out  with  difficulty  ;  a  collection  of  dried  mucus  and  bacteria  (sorrJes)  around 
the  teeth  and  lips  ;  great  muscular  prostration,  as  shown  by  trembling  of  the  hands 
and  twitching  of  the  tendons  ;  a  semi-comatose  State  with  the  eyes,  open,  but  the 
patient  not  seeing  ;  an  apathetic  condition,  picking  at  the  bed  clothes,  muttering 
delirium,  and  a  tendency  to  slip  downwards  towards  tl;e  foot  ol  the  bed.  The 
typhoid  state  may  come  on  in  all  severe  forms  of  fever  lasting  any  length  of 
time,  and  is  typically  seen  in  severe  forms  of  small-pox,  typhoid  fever  and 
pneumonia. 

Hectic  fever.— This  is  due  to  chronic  toxaemia  or  blood  poisoning  where  septic 
toxins  are  regularly  absorbed,  as  in  the  chronic  pus-formation  occurring  in  the  cavi- 
ties of  the  lungs  in  the  third  stage  of  tuberculosis  of  the  lungs.  There  is  a  regular 
evening  rise  of  the  temperature,  followed  by  night  sweats  which  tend  to  produce 
gradual  reduction  of  strength. 

Malarial  Fevers  of  India. 

Synonyms.  — 'Ma]eiriei,  Paliidism,  Marsh  Fever,  Jungle  Fever, 
Periodic  Fever,  Paroxysmal  Fever,  Ague,  Coast  Fever,  etc. 

The  term  malaria  (It.  mala,  bad,  aria,  air)  is  used  to  include  a 
class  of  diseases  which  occur  both  endemicallj  and  epidemically,  and 
in  which  the  symptoms,  causes  and  treatment  exhibit  much  similarity. 
The  main  group  of  malarial  diseases  are  the  malarial  fevers,  which  are 
types  of  fever  due  to  invasion  of  the  red  eorpnscles  of  the  blood  by 
different  forms  of  malarial  parasites  conveyed  from  man  to  man  by 

certain  species  of  mosquitoes  (anophelines),  and  are  characterised  by  

paroxysmal  intermittent  fever,  which  has  a  cold,  hot  and  a  sweatino- 
stage,  anaemia  and  enlargement  of  the  spleen  ;  pigment  in  the  blood^ 
deposition  of  pigment  in  internal  organs;  with  a  tendency  to 
relapses  ;  and  finally,  if  the  paroxysms  continue,  to  the  production  of 
a  specific  cachexia.  The  term  malaria  is  also  applied  to  the  special 
causes  of  malarial  diseases  and  to  the  combination  of  conditions  that 
bring  these  causes  into  operation.  Malarial  diseases  are  essentially  local 
or  endemic,  but  under  certain  conditions  become  epidemic.  There  are 
periods  of  increased  and  decreased  intensity  iu  the  endemic  areas. 

Prevalence.-lf  we  exclude  the  malarial  statistics  of  our  large  public  hosnitals 
which  are  so  small  that  ,n  the  question  of  the  general  statistics  of  malaria  in  hul  l 
yfZ.r-^n'''  )•  th*^  <?°1>'  flg'"es  we  can  rely  on  are  those  published    n  the 

th  <fP        ''^         Samtary  Commissioner  with  the  Government  of  Jndia 

thP  "°  statistics  showing  the  malarial  rate  in  the  civil  population  in  India 

iSnurUv  ?rnJ!^Pr^'''  "TP  'i''"?  *°  statement  that  about  5,000,000  people  dfi 

cenr  su/oZl  '^"gl^'y  estimated  thkt  20  to  25  uer 

cent,  succumb  d.rectly  or  indirectly  from  malaria.    If  the  malarial  fever  rate  of 
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the  civil  population  is  the  same  as  that  in  the  Army  in  India,  there  would  be  at 
least  GO  millions  of  cases  a  year.  The  probability  is  that  in  the  rural  population 
poorly  housed  and  worse  fed,  the  proportion  is  much  higher,  and  that  there  is  in 
reality  something  like  80  millions  of  cases  of  malaria  a  year  in  the  civil  population. 
From  personal  experience  one  knows  that  the  raal»ria  of  military  cantonments  is 
always  less  than  that  of  the  neighbouring  civil  community.  At  present,  however, 
we  are  not  in  a  position  to  estimate  within  many  millions  the  amount  of  malaria  in 
this  country.  Probably  about  four-fifths  of  malaria  of  India  is  found  in  the  popula- 
tion of  villages  and  probably  not  more  than  one-tenth  of  this  number  ever  get 
quinine.  Our  troops  are,  of  course,  better  housed  and  fed,  have  good  hospitals  and 
proper  medical  attendance,  and  are  better  kept  generally  than  the  Civil  population, 
hence  the  proportion  of  malarial  cases  and  mortality  from  malarial  fevers  is  consi- 
derably less. 

The  following  table  gives  the  quinquennial  admission  rates  per 
1 ,000  of  strength  in  the  Native  Army  for  the  periods  stated  : — 


1879-83. 
662 


1884-88. 


451 


1889-98. 
341 


1899-1903. 
305 


1904-08. 
228 


In  1907  there  were  10,062  admissions  among  European  troops  for 
malaria,  and  in  1908,  16,824,  and  for  the  same  years  in  Native  troops 
22,603  and  33,438  respectively. 

The  following  table  gives  the  relative  incidence  of  malarial  fevers  to  other 
diseases  in  the  Native  Army  during  the  period  1891—1905  :— 


Admission  rates  for  1,000  of  strength. 


Year. 


1891-1900 
1901 
1902 
1903 
1904 
1905 


a 


346 
293 
247 
243 
174 
111 


ai 


15 
6 
7 
4 
3 
2 


S3 

d 


35 
24 
14 
18 
24 
48 


=3 

a 


7 
9 
2 
3 
5 
14 


Li 


24 
13 
17 
20 
20 
16 


§  s  ^ 


5  a  t» 


a 


(U   03  2 

*2  *=  fl 


o 

(D  T3 

o  a 
I 

a  ° 


427 
345 
287 
288 
226 
191 


Actual  admissions. 


3 
6C 

a 


199 

298 
303 
439 
415 


> 

d 
ft 
I 

o 
t-l 

(D 
U 


01 


t-i 

> 
a 


The  above  table  shows  the  marked  diraimitiou  of  malarial  fever  cases  during 
the  quinquennium  1900-1905. 
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It  is  considered  bj  several  authorities  that  some  of  our  recorded 
cases  of  sunstroke  are  deaths  due  to  intense  malarial  poisoning.  One's 
personal  experience  does  not  bear  out  this  statement.  Of  our  European 
troops  there  is  roughly  about  G50  men  always  in  hospital,  14  of  these 
being  due  to  enteric.  We  can  accept  the  general  statement  that  the 
malaria  admission-rate  in  the  tropics  is  about  one-fifth  of  strength.  In 
some  places,  of  course,  it  is  only  nominal,  but  in  others  this  is  made  up 
for  by  having  an  admission  rate  of  from  100  to  200  per  cent.,  each  man 
on  an  average  being  admitted  once  or  even  twice. 

In  former  years  some  cases  of  simple  continued  fever  were  included 
as  cases  of  malaria,  but  whilst  a  certain  number  of  these  were  probably 
enteric  fever,  Malta  fever,  "sand-fly"  fever  and  other  pyrexia!  distur- 
bances, there  is  no  doubt  that  some  were  likewise  cases  of  malarial 
infection. 

The  average  death-rate  in  civil  native  children  is  from  20  to  30 
per  1,000  ;  this  is  largely  due  to  malarial  infection.  The  force  of  this 
remark  will  be  seen  later. 

The  incidence  of  malarial  fevers  in  nearly  all  campaigns  prepender- 
ates  facile  princeps.  This  is  easily  accounted  for — latent  malarial 
infections  in  men  acquired  at  their  stations,  initial  malarial  infection 
en  route  to  the  front,  or  actually  at  the  front.  These  malarial  fevers 
affect  the  Native  Army  as  much  as  the  British, 

Chief  malarious  regions.— The  intensely  malarious  nature  of  the 
Himalayan  Terais,  Assam,  Manipur,  the  Bhutan  Frontier,  and  the  Lower 
Chin  Hills  is  well  known  ;  and  the  foot  of  the  hills  along  practically  all 
our  Frontier  is  perniciously  malarious.  For  many  years  the  Grurkha 
battalion  quartered  at  Shillong  sent  a  detachment  to  Sabankatta, 
Udulgeri,  and  Daranga  for  three  months— January,  February  and  March', 
yearly.  Usually  every  man  had  been  under  treatment  more  than  once 
for  malarial  fever,  or  dysentery,  or  both.  In  April  1901,  of  the  51  men 
of  the  43rd  Gurkha  Rifles,  who  returned  to  Shillong  from  this  out-post 
duty,  39  had  enlarged  spleens  half  filling  the  abdomen  ;  and  in  others  the 
enlargement  was  considerable  ;  in  two  it  only  was  perceptibly  enlaro-ed 
whilst  there  were  only  two  without  any  splenic  enlargement.  In  1  902  an 
almost  identical  result  occurred.  This  was  represented  strongly  to  "the 
Lieutenant-General  Commanding  the  Eastern  Command,  with  the  result 
that  a  local  police  levy  now  carry  on  this  duty.  These  out-posts  were 
on  the  lower  slopes  of  the  Bhutan  Hills. 

Deep  ravines  in  malarious  places  may  be  very  deadly.    One  can  recall  n  nion„ 
named  Taungboo,  situated  in  Ta  pass  about  7  ^iles  ffom  Mand  lay  n 
we  held  a  block-house,  guarded  by  40  meu.    In  April  1887,  one  was  Vent  ou  to 
n^uiZ       ^'^'''^  ''"^^  '''.r'"''  Tliey  had  been  there  for  seven  weeks 

i^i!  '"^""'■•y  ^"'^  suffering  from  one  or  other  form  of  JlaHal 

f  1  r,  effectives  for  the  sentries  required.    One  recommend 

ed  the  daily  use  of  qmnine  prophylactically,  and  th.vt  ti  e  men  of  thisTu^no,; 
si  ould  be  change.1  weekly  ;  this  was  done  with  e.Ycellent  results.  The  cl  mate  nn,J 
physical  conditions  in  Uurmah  during  the  hot  weather  are  extremely  adverse  to 
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activeoperationsiiithefield,  the  extensive  swamps,  the  dense  jungle,  heavy  rain- 
fall, and  the  consequent  prevalence  of  mDlarial  fevers,  not  only  preutly  hampers 
the  movements  of  troops,  but  absolutely  incapacitates  them  from  further  service, 
It  subjected  to  prolonged  exposure.  In  the  swampy  country  very  short  distances 
are  got  over  and  the  fatigue  is  enormously  increased  by  the  diiUculties  of  getting 
transport  along.  In  May  and  June  heat  apoplexy  is  common.  The  enormous 
low-lying  alluvial  tracts,  great  jungles  and  the  great  unhealthiness  of  the  land 
below  and  on  the  slopes  of  the  Burma  hills  are  well  known. 

A  glance  at  the  various  medical  statistical  tables  of  our  Indian 
campaigns  shows  that  malarial  fevers  in  every  instance  play  the 
predominating  part  in  giving  rise  to  inefficiency,  and  this  holds  good 
in  both  our  European  and  Native  troops.  In  many  of  the  cases  which 
occur  in  our  troops  and  followers  on  field  service,  infection  was  acquired 
in  cantonment,  the  disease  occurring  as  the  result  of  recent  inoculation 
by  mosquitoes,  or  as  relapses  from  former  infection— {Vide  Appendix). 

CONTEIBUTORY  CAUSES  OF  MALAKIA. 

Meteorological  relations  of  malaria.— TmpemfMre— This  has  an  impor- 
tant bearing  on  malaria.  A  temperature  of  60°  P.  is  the  limit  at  which  malarial 
fevers  occur.  Those  regions  in  which  this  degree  of  heat  is  not  attained  by  the 
mean  summer  temperature  remain  exempt  from  malarial  fevers.  In  endemic 
malarious  areas  during  the  winter  mo.«quitoes  are  driven  into  houses,  huts, 
stables,  and  then  the  malarial  parasites  perish.  In  the  spring  again  in  many  parts 
of  India  the  mosquitoes  become  re-infected  from  cases  of  relapses.  Great  falls  of 
temperature  in  malarious  places  are  important  in  respect  of  their  being  associated 
with  relapses  from  chills,  the  latter  operating  by  lowering  the  physiological 
resistance  and  then  permitting  latent  malarial  parasites  to  multiply. 

Rainfall. — The  amount  of  rainfall,  and  the  ptriod  over  which  the  rainy 
season  continue.'*,  have  an  important  influence  on  the  prevalence  and  distribution 
of  malaria  in  India.  In  general  terras  it  may  be  said  that  rainfall  conduces  to  the 
production  of  malaria  because  it  is  favourable  to  the  development  of  larvsE  of 
an  oplielines. 

Alternate  saturation  and  dessication  of  the  soil  is  especially  favourable  to 
the  extension  of  malaria,  just  as  a  thoroughly,  permanently  permeated  soil,  or  a 
completely  dry  soil,  is  unfavourable  to  malaria.  The  banks  of  the  Ganges,  Indus, 
and  Brahmaputra  periodically  overflow  their  banks,  and  malaria  appears  in  the  tracts 
affected  shortly  after  the  subsidence  of  the  overflow.  This  leads  us  to  infer  what 
actually  is  the  case — that  mosquitoes  flourish  in  the  shallow  pools  and  puddles  left 
in  the  beds  of  the  river  after  the  subsidence,  and  do  not  thrive  in  great  collections 
of  rapidly  flowing  water  where  they  would  be  washed  away  in  the  torrents  or 
eaten  by  fish.  When  the  pools  left  are  flooded,  washed  out  and  converted  into 
deeper  collections  of  water,  their  evolution  from  ova  to  imago  is  greatly  interfered 
wil  h.  During  a  dry  period  following  rapidly  upon  heavy  rains  or  freshets,  malarial 
outbreaks  are  severe  and  frequent.    This  phenomenon  is  constant  and  pronounced. 

JFmfZ«  — The  diffusion  of  malaria  by  winds  occurs  only  over  very  limited 
distances,  as  hills,  trees  and  other  obstacles  protect  houses  to  leeward  of  malarial 
places.  This  is  explained  by  the  known  habits  of  anojihelines,  who  are  weak 
fliers  and  in  winds  secrete  themselves  in  trees,  brushwood  and  bushes,  and  even  in 
grass,  and  are  easily  hindered  in  this  flight  by  obstacles. 

yl7oistor-e.— The  typical  malarious  locality  is  low  and  marshy,  or  in  the  vicin- 
ity of  rivers,  lakes  and  large  accumulations  of  stagnant  water.  Some  regions  in 
India  almost  free  from  malaria  in  the  hottest  part  of  the  dry  season  become  very 
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ui.ilarioi.s  sliortly  aftertlie  beginning  ol  the  rams,  and  this  malarial  'utcnsity  ^^omes 
greater  during  the  autumn.  Moisture  is  essential  to  the  development  ot  the  eggs 
End  larvre  of  anophelines.  The  period  following  the  overflowing  o  "/f  s  and 
inundntion  of  the  surrounding  country  is  apeciaUy  malarious.  I  his  latter  cond  - 
tion  is  imitated  artificially  over  large  tracts  in  this  country  by  the  irrigation 
of  rice  and  other  fields.  Small  swamps  and  the  collections  of  water  seen  round  or 
near  villages  are  responsible  for  much  of  the  malaria  met  with  in  districts. 

Subsoil  water  level  in  relation  to  malaria.-As  a  general  rule  it  may  be 
said  that  a  persistently  low  ground  water  level,  say  15  to  20  feet,  is  unfavourable 
to  malaria,  that  a  persistently  high  level,  say  .-J  to  5  feet,  fosters  malaria,  and  that 
a  level  which  fluctuates  is  most  malarious.  This  opinion  is  forced  upon  us  from  the 
general  literature  of  the  subject  and  experience  of  malaria  throaghout  India. 

Configuration  of  the  ground.-This  is  highly  important  as  it  affects  the 
manner  in  which  surface  water  is  disposed  of.  Hollows  and  ditches  and  all  excava- 
tions without  outlets,  given  other  conditions,  favour  malaria ;  ^«>- co)i(!m,  elevated 
sites,  if  they  permit  of  rapid  drainage,  are  unfavourable. 

Altitude  as  affecting  malaria —Whilst  malaria  is  ssldom  met  with  at  great 
altitudes,  the  old,  hard  and  fast  rule  that  malaria  did  not  occur  by  initial  infection 
beyond  4,000  feet  in  India  is  certainly  incorrect.  The  general  statement  holds  good, 
however,  that  the  higher  we  ascend,  the  less  the  chances  of  a  place  being  malarious, 
because  the  physical,  telluric  and  climatic  conditions  become  more  unfavourable 
to  the  development  of  mosquitoes.  There  are  few  instances  in  which  initial  mala- 
ria (fresh  infections)  occur  beyond  6,500  feet.  Malarial  fevers  are  usually  most 
severe  and  persistent  in  low-lying  coast  districts,  deltas  of  large  rivers,  and  flat 
alluvial  plains. 

Personal  Predisposing  Causes. 

Age. — Malaria  attacks  all  ages,  but  most  frequently  children  under  10  years. 
The  very  old  and  very  young  (infants  under  three  mouths;  are  less  frequently  affect- 
ed with  malaria  in  endemic  districts.  Old  people  have  probably  acquired  a  certain 
degree  of  immunity  to  the  parasite,  very  young  infants  have  not  had  time  to  get 
thoroughly  saturated  with  parasites.  Children  between  6  months  and  10  years  of 
age  are  especially  prone  to  infection  and  re-infection,  which  go  on  in  endemic  areas 
during  the  whole  of  this  period.  While  adult  natives  in  au  endemic  malarious 
locality  may  be  comparatively  free  from  malarial  infection,  a  large  percentage  of 
the  young  children  suffer  to  a  greater  or  less  extent,  though  always  to  a  less  extent 
than  new  arrivals  from  non-malarious  places. 

Race.  — Native  adults  resident  in  malarious  places  are  less  liable  to  malarial 
infection  than  Europeans.  They  acquire  more  or  less  immunity  early  in  life.  The 
blood  of  a  large  percentage  of  native  children  is  inhabited  by  the  parasites  of 
malaria.  Anophelines  to  a  large  e.vtent  receive  their  infection  from  native  chil- 
dren. Newly  arrived  Europeans  in  malarious  localities  in  India  are  specially 
liable  to  malarial  infection  ;  they  are  also  specially  attractive  to  mosquitoes.  Euro- 
peans newly  arriving  in  malarious  places  suffer  more  from  severe  acute  forms  of 
malarial  fever  than  the  indigenous  i)eople,  whereas  acclimatised  persons  are  more 
frequent  victims  to  the  chronic  forms  ;  if  exposed  to  malarial  influences  for  some 
time  without  suffering  from  malarial  fever,  they  acquire  a  certain  small  degree  of 
immunity.  Under  no  circumstances  does  the  European  in  malarious  places  acquire 
complete  immunity  or  undergo  complete  acclimatisation.  Eurasians  are  more 
subject  to  malaria  in  endemic  malarial  areas  than  natives,  in  this  susceptibility 
following  their  European  progenitors.  This  observation  was  originally  made  by 
Ranald  Mautin  and  has  beeu  repeated  by  many  experienced  medical  oflicers  in 
India.  A])art  from  constitutional  peculiarities,  individual  predisposition  to  m-ilarial 
infection  is  met  with,  which  may  be  in  part  explained  by  the  fact  that  some  people 
arc  more  attractive  to  mosquitoes  than  others. 

Occupation.— This  is  a  factor  predisposing  to malarialinfection  only  in  so 
80  far  as  it  exposes  to  the  attacks  of  infected  anophelines.    Those  employed  in 
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excavating  soil  in  malarious  plncos,  in  building  railway  Hues  road^  etc  ■uidp'.mn 
ingon  he  sites  where  these  excavation,  take^lace,  are  e"  ,  e'c y  ifroclispS^^^^^ 
cau^e  they  dwell  ,n  the  midst  of  the  breeding  grounds  of  anopheliiies        '  ' 

State  of  health— All  conditions  enfeebling  the  body  even  (emuorarilv  such 
as  common  colds,  remaining  in  wet  clothes,  a  wetting  in  the  rai ^  eve  e  \;od,iy 
fatigue,  excessive  mental  work,  inadequate  amount  of  sleep,  excns  e/of  any  k  d 
excitement,  defective  and  insufficient  diet,  drug  habits,  \ni„or  illnesses  of  "li 
kinds,  injuries  acute  and  chronic,  surgical  operations  and  defective  dwellings 
increasethe  susceptibility  to  malarial  infecticn.  Hence  the  advisability  of  usii.e 
quinine  under  all  circumstances  liable  to  enfeeble  the  resistance  to  rafilariifl 
intection.  &irailarly  all  bodily  and  mental  depressions  tend  in  some  way  to 
revive  the  vitalities  of  latent  malarial  parasites  and  bring  about  relapses  •  honcp 
the  necessity  of  completely  eradicating  malarial  parasites  once  infection  lias 
occurred  by  a  prolonged  course  of  quinine.  There  is  no  doubt  th  it  persons  in  good 
health  are  capable  of  throwing  off  a  mild  infection  of  malaria  without  presenting 
any  clinical  manilestations  of  such  infection.  This  is  constantly  happening  in 
malarious  districts  even   without  quinine  prophylaxis. 

Defective  hygiene.— Defective  hygienic  conditions  are  important  predispos- 
ing causes.  Houses  that  are  small,  damp,  dark,  ill- ventilated  and  dirty,  are  specially 
favoured  by  mosquitoes.  The  small  damp  thatch  or  bamboo  huts  without  windows 
of  most  villages  are  examples.  Large  houses  with  lofty  rooms,  good  ventilation, 
abundance  of  light  and  all  sanitary  needs,  considerably  "reduce  the  possibility  of 
infection.  The  enormous  outbreaks  of  malarial  ferers  that  occur  amongst  coolies  on 
canal  irrigation  works  are  largely  fostered  by  the  unwholesome  conditions  under 
which  they  live- huddled  together  in  smtiW  chtppar  huts,  scantily  clothed,  with 
meagre  food  of  small  nutritive  value,  and  exposed  to  night  chills.  This  is  very 
prevalent  combination  of  conditions  amongst  large  gangs  of  workmen  in  this 
country. 

Previous  attacks  of  malaria.— Previous  attacks  of  malaria  pre- 
dispose to  further  attacks  from  slight  causes.  A  simple  catarrh,  iudiges- 
tion,  a  hard  day's  work,  a  cold  bath,  aud  even  change  to  a  colder  and 
more  salubrious  locality,  may  bring  on  an  attack.  Most  of  such  cases 
are  in  all  probability  relapses  and  not  new  infections.  When  any 
length  of  time  has  elapsed  since  leaving  the  malarious  place,  as  on  the 
voyage  home,  after  arrival  in  Europe,  or  in  anon-malarious  hill  station, 
and  an  attack  occurs,  this  is,  in  practically  all  such  cases,  a 
relapse.  Absolute  and  permanent  freedom  from  relapses  cannot  be 
assured  for  a  year  or  more  of  freedom  from  the  last  malarial  infection. 
Occasionally  relapses  are  stimulated  b}'  "  water  cures."  Men  sometimes 
get  their  first  relapses  at  Carlsbad  after  leaving  this  country — the  baths 
in  some  way  reinvigorating  latent  malarial  parasites. 

Time  of  day. — It  is  well  recognised  that  the  risk  of  malarial  infec- 
tion are  greater  during  the  night,  which  is  now  explained  by  the  infec- 
tion through  anophelines  usually  occurring  at  that  time,  as  these 
insects  are  mainly  nocturnal  in  their  attacks  on  man. 

Imnmnity.— It  would  appear  that  there  is  no  hereditary  immunity,  or  abso- 
lute acquired  immunity  against  malarial  infection.  The  jjarasite  may  remain  in 
the  system  for  long  periods  ;  latent  parasites  are  of  frequent  occurrence  in  adults 
of  endemic  districts.  It  is  possible  that  the  parasite  of  malaria  is  capable  of  pro- 
ducing immune  bodies  in  the  system  for  self-defence,  and  that  for  this  reason  the 
blood  plasma  aud  white  blood  cells  are  helpless  to  deal  with  them  In  quinine 
we  possess  a  drug  which  gives  us  a  relative  immunity  similar  to  that  which  the 
nMi^e  in  malarious  places  acquires.    It  is  preferable  to  this  natural  partial  immu- 
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nity,  because  in  the  latter  tlie  person  harbouring  malarial  parasites  (latent  infec- 
tion) may  remain  a  source  of  infection  long  after  convalescence.  It  is  stated  that 
(lark-skinned  races,  living  in  malarious  regions,  possess  a  relative  immunity 
to  malarial  infection.  The  explanation  is  that  it  is  due  to  an  acquired  immunity, 
the  result  of  frequent  infectious  in  childhood.  The  relative  immunity  of  inhabi- 
tants of  endemic  areas  is  acquired  and  not  inherited.  We  find  in  such  areas  a 
high  percentage  of  the  children  harbouring  malarial  parasites  in  their  blood,  and  in 
ordinary  years  comparatively  few  adults  with  parasites.  Prolonged  residence  in 
malarial  districts  gives  rise  in  those  who  survive  malarial  infections  to  a  degree  of 
relative  immunity.  There  is  no  doubt  that  recurring  attacks  ultimately  render  the 
individual  less  prone  to  infection.  The  explanation  is  that  that  the  malarial  toxins 
bring  about  some  changes  in  the  human  economy  which  render  it  less  liable  to  fur- 
ther^attacks.  In  other  words,  we  get  a  condition  in  which  afcer  repeated  attacks 
of  malarial  fever  which  have  been  less  and  less  severe,  there  is  established  a 
spontaneous  and  more  or  less  permanent  cure.  This  immunity  may  endure  for  years, 
but  any  condition  lowering  the  vitality  or  lessening  the  resisting  power  is  liable 
to  remove  it.    The  same  often  arises  by  going  to  a  new  locality. 

In  all  probability  the  explanation  as  to  acquired  immunity  is  a  m  ich  more 
complex  and  obscure  problem  than  these  statements  would  nppear  to  indicate,  and 
the  factor  or  factors  entering  into  its  occurrence  are  as  yet  but  imperfectly  under- 
stood and  call  for  investigation. 


Theohies  of  Malarial  Infection. 


It  is  obvious  that  until  the  manner  in  which  malarial  infection  was  brought 
about  in  human  beings,  it  was  Tiot  possible  to  formulate  any  rational  basis  for  the 
general  prophylaxis  of  malaria. 

An  enormous  amount  of  work  was  done  after  the  discovery  of  malarial  parasites 
in  human  blood  with  the  view  to  solve  this  highly  importiant  question,  and  this 
work  has  resulted  in  a  solution  of  the  problem  by  a  complete  demonstration  of  the 
rel  itionship  of  the  anopheliue  cycle  to  malarial  parasites.  The  views  held  anterior 
to  tlie  discovery  of  this  relationship  are  in  many  ways  deserving  of  our  attention  ■ 
they  were  chiefly  connected  with  the  conveyance  of  malaria  to  man  (1)  through 
air  and  (2)  water.  ^ 

Air  theory  of  malarial  infection-— The  theory  that  the  "  poison  "  "miasm  " 
"germs"  or  "  parasites "  of  malaria  emanate  from  the  soil  to  the  air  and  sain 
access  to  the  human  economy  through  the  respiratory  tract,  is  the  oldest  and  has 
throughout  the  history  of  malaria  from  ancient  to  comparatively  modern  times 
been  the  most  popular.  The  air  of  malarious  regions  has  been  repeatedly  invea' 
tiga,ted  with  the  view  to  discovering  the  presence  of  the  malarious  narasitpt" 
Such  observations  in  modern  times  have  invariably  been  negative. 

Water  theory  of  malarial  infection.— To  prove  that  water  can  convey  milnrin 
It  would  be  necessary  to  export  the  malaria-conveying  water  from  the  mniann,  « 
district  to  an  assured  non-malarious  district,  and  allow  persons,  who  avP  knr,w,f 
never  to  have  suffered  from  malaria  and  at  the  same  time  do  not  harbour  mnlnri.. 
parasites  in  their  blood,  to  drink  such  water.  If  at  the  end  of  the  maximum  Zr\n,\ 
of  incubation  of  malarial  fevers  such  persons  did  not  suffer  from  pvrexial  uZZ 
mena  associated  with  malarial  parasites  in  their  blood,  the  proof  would  fii  a 
successful  experiment  of  this  kind  has  never  been  carried  out  ;  on  the  o  l.or  t,.  i 
such  experiments  have  on  several  occasions  been  carried  out  with  negative  results 

Mosauito  malaria  hypothesis.-ln  1894  Manson  definitely  formulated  n  mnc 
quito-malana  hypothesis,  his  argument  being  that  as  the  protozoal  or  A.,  ism 

tTl  osrHMPf"""'*'.''  1°^"*"*=^'"       existence  as  a  species  it  must  pass  fZTiost 
to  host,  that  It  must  at  one  phase  of  its  existence  live  outside  the  bodv  of  ml,^  l\,  fi 
unt  H iS*;  f'^gf "/^t-\''->y  of  the  male  malarial  parasite  does   ot  co^ne^n^ 
until  the  blood  has  left  the  blood  vessels  and  is  outside  the  human  boHl  , 
concluded  that  the  flagellated  body  was  the  first  phase  of  tl  e  liHf  he  mr  .'sl  ' 
outside  man.     As  the  parasite  in  the  blood  of  man  is  intra-corrnscnin^^ 
consequently  incapable  of  leaving  the  body  spontaneously    he  couSi vecrt  1. \  ^""^ 
that  It  was  received  by  some  blood-sucking  insect  common  in  the  relionl  V"^ 
malaria  was  endemic.    He  believed  this^nsect  to  be  some  particfifar  ^enu^of 
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mosquito.  In  1894,  he  suggested  to  Uonai.u  Ross  lliat  mosquitoes  took  gametocytea 
(p.  455)  into  their  body,  and  that  gametocytes  are  the  means  by  which  mosquitoes 
may  be  infected. 

Ross  in  1895  demonstrated  the  fact  that  when  malignant  tertian  blood  contain- 
ing crescents  is  ingested  by  a  mosquito,  a  large  proportion  of  the  crescents  rapidly 
proceed  to  form  microgametes  and  to  throw  out  flagella.  lie  demonstrated  that  in 
particular  species  of  mosquitoes  fed  on  malarial  blood,  living  and  growing  malarial 
parasites  containing  melanin  are  to  be  found  embedded  in  the  stomach  wall  of  the 
insects.  In  1897  he  also  demonstrated  that  if  a  particular  kind  of  mosquito  be 
fed  on  the  blood  of  birds  contaiuing  a  malaria-like  parasit^e  (Proteosoma),  tlie  jiarasite 
enters  the  stomach  wall  of  the  mosquito,  grows  and  sporulates  there,  that  the 
resulting  sporozoites  (p.  456)  enter  the  salivary  glands  of  the  insect,  and  that  the 
insect  is  then  able  to  infect  other  birds.  He  showed  that  only  particular  species  of 
mosquitoes  can  carry  this  special  avian  malarial  jjarasite  in  this  way,  and  that  the 
particular  species  of  mosquito  was  not  efficient  as  regards  another  biood  parasite  of 
birds,  tnz.,  Halteridium,  or  as  regards  the  malarial  parasite  of  man.  Ross  was  the 
first  to  prove  both  by  analogy  and  observation  that  the  phase  of  the  malarial 
parasite  outside  the  body  of  man  is  passed  in  particular  species  of  mosquitoes,  and 
inferred  that  the  parasite  is  transferred  from  man  to  man  by  the  mosquito.  The 
method  of  the  discovery  of  the  communicability  of  malaria  from  man  to  man 
by  anophelines  is  one  of  the  most  profoundly  interesting  subjects  in  the  whole 
history  of  medicine,  and  has  done  more  than  any  other  discovery  to  stimulate 
inquiry  into  the  various  animal  parasites  communicable  to  man  through  insects  and 
otherwise.  Infected  anophelines  if  exported  from  endemic  malarial  localities  to  non- 
endemic  places,  and  made  to  bite  non-immune  persons,  produce  malarial  fever.  The 
experiment  of  transporting  malaria-infected  anophelines  from  endemic  malarial 
foci  to  non-malarious  places,  and  inoculating  people  who  have  never  been  out 
of  these  non-malarious  i^laces,  has  more  than  once  been  carried  out  successfully. 
It  has  been  definitely  shown  that  (1)  the  extinction  of  anophelines  in  a  malarial 
district  practically  removes  malarial  infection  ;  and  (2)  that  the  rigid  use  of 
mosquito  nets  or  dwelling  in  mosquito-proof  houses,  without  any  other  prophy- 
lactic measures,  is  capable  of  preventing  malaria  in  the  most  virulent  malarial 
districts. 

It  is  now  satisfactorily  proved  that  uninhabited  regions,  although  they  may 
be  densely  populated  by  anophelines,  are  free  from  risks  as  regards  malarial 
infection."  "  Infected  mosquitoes  occur  only  in  the  immediate  neighbourhood  of 
settlements  of  infected  individuals."  Members  of  exploring  expeditions  have  often 
remained  free  from  malarial  disease  so  long  as  they  have  been  in  regions  remote 
from  such  settlements.  Sailors  who  do  not  go  ashore  in  endemic  malarial  places 
escape  malarial  fever  because  they  have  not  been  bitten  by  malaria-infected 
mosquitoes.  The  loug  known  view  that  exposure  in  the  evening,  at  night,  and 
in  the  early  morning,  in  endemic  malarious  places  is  dangerous,  is  now  fully 
explained  by  the  nocturnal  habits  of  anophelines.  From  their  structure,  vast 
numbers,  and  ability  to  fly,  mosquitoes  are  endowed  with  potentialities  which 
facilitate  their  dissemination  of  disease. 

We  may  now  state  that  practically  all  the  main  facts  connected  with  the 
SDidemiology  of  malarial  fevers  are  explained  satisfactorily  by  the  dissemination 
of  malarial  infection  through  certain  anophelines.  No  solid  proof  is  yet  to  hand 
to  show  that  malarial  fevers  are  produced  in  any  other  definite  way.    The  cases 


ma^,..   ,  -  , 

unconscious,  or  that  they  were  relapses, 
forn^  nf  fever  The  discovery  of  the  fact  that  anophelines  convey  malaria  was  not 
m  ide  in  a  day -it  was  not  tlie  result  of  any  sudden  inspiration,  nor  does  it  depend 
^n  any  superficial  considerations.  Each  link  ot  the  chain  of  evidence  has  been 
rLfuIly  examined,  and  the  conclusion  is  firmly  based  on  numbers  of  experiments 
^fli  «pr!ntinTis  bv  many  investigators  and  trained  experts  with  scientific  minds. 
There  s  sll^  some  dSulty  in  persuading  many  intelligent  officials  that  the 
malaria-carrying  power  of  mosquitoes  lies  at  the  toundation  of  our  known  an  i- 
™Sr  al  iSuils  One  is  constantly  meeting  military  and  civilian  officers  who 
Spress  increXmy  regarding  the  relationship  between  malaria  and  anophelines. 
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Factors  required  to  produce  malaria.— (1)  Anopheline  mosqui- 
Iqqs. — As  far  as  we  know  no  other  forms  of  mosquitoes,  or  other  insects, 
can  act  as  carriers,  though  we  have  stiJl  to  admit  the  possibility  of  such 
an  occurrence  until  the  subject  is  worked  out. 

(2)  The  present  or  recent  existence  of  cases  of  malarial  fever — 
including  relapses  and  cases  of  malarial  infection  acquired  in  other 
regions  in  persons  who  have  come  to  the  district. 

(3)  External  ■physical  conditions — climate,  moisture,  temperature, 
and  season  favouring  the  attacks  of  the  mosquito,  suitable  for  its 
infection,  and  for  further  development  of  the  sexual  form  of  the 
malarial  parasite. 

(4)  Susceptibility  of  the  mosquito  and  of  the  individual  bitten  to 
infection.* 

In  the  absence  of  any  of  these  conditions  an  outbreak  of  malaria 
is,  as  far  as  we  know  at  present,  impossible.  There  are  many  places 
where  anophelines  exist  without  malaria  ;  others  in  which  there  is  no 
malaria  at  particular  seasons,  because  the  conditions  at  these  seasons 
are  unfavourable  to  the  development  of  the  mature  forms  of  the 
parasite,  or  the  gnats  do  not  bite. 

General  characters  of  mosquitoes. — Mosquitoes  are  two-winged 
flies  (Diptera)  of  the  family  Culicicke.  "  Mosquitoes,  as  in  other  six- 
footed  flies,  are  provided  with  a  head,  thorax  and  abdomen.  The  head 
bears  the  mouth-parts  drawn  out  into  a  long  penetrating  proboscis, 
which  latter  is  often  as  long,  or  even  longer,  than  the  whole  body. 
The  head,  thorax  and  body  of  all  eulex  mosquitoes  are  covered  with 
distinctive  scales;  but  in  the  Anophelince  these  may  only  occur  on 
the  head,  the  thorax  and  abdomen  being  hairy." 

Metamorphosis  of  mosquitoes — All  mosquitoes  undergo  a  com- 
plete metamorphosis,  that  is,  there  is  an  active,  growing  and  feeding 
stage,  the  larva;  a  non-growing  stage,  the  pupa,  during  which  stao-e 
the  larva  is  transformed  into  the  active  flying  sexual  adult— the 
mosquito. 

Anophelines,  the  only  known  carriers  of  malaria— There  is  no 
evidence  at  present  that  other  mosquitoes  than  anophelines  can  act 
as  hosts  of  malarial  parasites.  We  cannot  definitely  assert  that  some 
species  of  Culex,  and  even  some  of  the  genus  Stegomyia,  which  are  so 
universally  represented  in  this  country,  may  not  be  carriers  of  malaria  • 
we  know  positively  that  some  species  of  Culex  cannot  carry  malaria 
and  none  so  far  have  been  shown  to  be  malaria-carriers. 

diseases.   The  vast  majority  u-e  wilder  8vlv?au'^mosoStopr!nf 

e.Ypected,  their  habits  are  not  so  well  knoST  tZ^,  m^^^^^^^^  would  b3 
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Differentiation  between  CiUivinm  a.nd  AiiopJielince— The 

following  tabl(3  will  eiicable  us  to  distinguish  the  ova,  lame,  and  adults  of 
Gulicince  and  Anopheiince,  it  being  understood  that  the  characteristics 
given  are  those  of  the  sub-families,  and  in  no  sense  specific  :— 

CvMcince.  Anophelince. 

Eggs.— Laid  in  rafts,  indivi-  Laid  singly  and  then  forming 
dual  eggs  bottle  or  cartridge-  triangles  or  other  geometrical 
shaped.  Found  in  artificial  collec-  figures  ;  in  water  the  individual 
tioDs  of  water  which  are  often  eggs  are  boat-shaped,  each  with 
dii'tj'  ends  like  the  raised  prow  and  stem 

of  a  boat,  and  ribbed  laterally  (float 
cells  containing  air);  the  ribs  look- 
ing like  oars. 


Fio.  65.— Egg  of  Fig.  6G.— I5gg  raft  and  eggs  of  Culex, 

Anopheliue. 


Fig.  67.— Eggs  of  Stegomyia. 


Pig.  68.— Larv£e  of  au  Anoplieline  (left)  aud  Culex  (right), 
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Culicince.  Anophelince. 

The  eggs  sometimes  occur 
separately  and  are  then  found  touch- 
ing particles  of  leaves  or  vegetable 
debris.  The  eggs  are  found  in 
natural  or  terrestrial  collections  of 
water. 


Larvae- — Long  breathing  tube 
(siphon)  near  tail,  and  a  large 
number  of  air  vessels  which  dis- 
tribute air  to  all  tissues  of  the  body. 
It  is  attached  to  water  by  surface 
tension.  If  the  surface  of  the 
water  is  covered  with  oil  the  larvae 
sink.  They  float  head  downwards. 
Their  normal  position  is  at  the 
surface,  but  they  wriggle  to  the 
bottom  on  being  disturbed,  Culex 
larvae  cannot  live  at  the  bottom 


Have  no  breathing  tube.  They 
breathe  through  two  apertures  at 
the  back  of  8th  abdominal  segment 
of  the  body.  They  float  flat  by 
surface  tension  with  their  palmate 
hairs.  When  disturbed  they  skate 
backwards.  They  are  found  in 
terrestrial  waters.  ■*  A  few  species 
may  be  found  in  artificial  collec- 
tions of  water,  e.g.,  Fys.  stephensi 
in  chatties  and  wells. 


I 

(left)  aid  ^;i7x  fr'K  '^^""'^^^^'^   "^^'^'^^  'eating  attitude  of  an  Anopheiine 
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.  GuUcince. 

of  water,  there  they  would  soon 
die.  When  chatiging  their  skins 
they  can  float  flat,  but  never  to  the 
same  extent  as  anopheline  larvse. 
They  are  found  in  artificial  collec- 
tions of  water  —  tubs,  cisterns,  chat- 
ties, kerosine  oil  tins,  pots,  pans, 
broken  bottles,  etc. 

Adult  mosquito.— Short  joai- 
pi  in  female.  They  ait  flat  or 
only  with  a  slight  angle  to  the 
surface  on  which  they  are  rest- 
ing. The  wings  ure plain  and  not 
spotted.  The  body  is  unshapely 
and  somewhat  hunch-backed .  The 
thorax  is  large,  They  are  grey, 
sombre,  or  dusky  coloured. 


Anoiyhelince. 


Long  jpalpi  in  female.  Angu- 
lar position  to  surface  on  which' 
resting — tends  to  stand  on  its  head 
as  it  were— the  proboscis,  head 
and  body  being  at  an  angle  to  the 
wall  or  surface  on  which  resting. 
The  wings  are  spotted.  The  body 
is  graceful  and  shapel}'^,  the  head 
tapers  into  the  proboscis.  If  the 
anterior  border  of  the  wing  has 
three  or  four  spots  it  is  certainly - 
an  anopheline. 

Breedin  g  pi  a  C  e  S. — T  u  b  s,      Terrestrial  waters — river,  stream, 
ditches,  garden  cisterns,  drains  for    lakes,  pools,  ponds,  all  collections 
rain-water,    etc.     In    temperate    of  water,  rain-water  runnels,  etc. 
climates  they  often  choose  terres- 
trial waters — they  do  not  do  so  in 
the  tropics. 

The  method  of  identifying  mosquitoes  is  comparatively  easy  after 
the  basis  upon  which  they  are  classified  is  thoroughly  understood.  A 
few  hours  spent  with  some  one  who  has  acquired  the  habit  of  identify- 
ing and  grouping  mosquitoes  into  genera,  and  collected  eggs  and  larvae 
for  demonstration,  is  more  profitable  to  the  uninitiated  than  weeks  of 
perusal  of  descriptions  and  studying  plates  and  diagrams. 

Rate  of  multiplication  of  mosctuitoes.— Mosquitoes  are  very  rapid  breeders. 
All  the  species  of  anophelines  known  in  this  country  pass  through  several 
opnerations  during  the  period  from  the  beginning  of  the  rains  to  the  setting  m  of 
the  cold  weather.  It  has  recently  been  calculated  by  Ficalbi  that  from  a  mother 
QtPm  two  hundi-ed  millions  of  mosquitoes  may  be  produced  in  four  mouths, 
niirine  the  breeding  season  each  succeeding  generation  of  mosquitoes  becomes 
linn^irtprablv  larger  in  numbers  than  the  preceding  one,  and  when  we  consider  the 
vPT^ir  itv  of  their  multiplication  and  that  this  is  in  geometrical  progression,  there  is 
obviously  an  enormous  advantage  gained  in  lessening  the  number  of  generations. 

■Lpnetll  of  life  of  mosquitoes. -formerly  it  was  believed  that  mosquitoes 
Hv..d  onlv  for  flve  oc  si.K  days.  Now  we  know  that  they  may  live  for  mouths. 
Zoomvia  calopus  can  certainly  live  for  five  mouths.  Anophelines  have  been  kept 
S  fn  captivity  for  1^  -There  are  many  mosquitoes  known  to  hibernate 

Sottas  adults  and  as  larvte  throughout  the  winter.   We  cannot  at  present  say 
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what  the  average  length  of  life  of  the  mosquito  in  Nature  is.  In  captivity  we 
remove  them  from  the  clangers  of  their  natural  enemies,  birds,  inclement  weather, 
high  winds,  excessive  rain,  etc.,  although  they  roust  be  affected  by  the  artificial 
couditious  of  life  in  captivity. 

Anopheliues  can  remain  alive  in  huts  for  two  months  and  possibly 
longer.  Subsequent  to  the  dryiug  up  of  all  their  breeding  places,  it  is  found 
that  the  number  of  anopheliues  does  not  decrease  to  any  material  extent  for  several 
weeks,  but  if  this  dryiug  up  continues,  their  numbers  gradually  diminish  ; 
species  may,  however,  be  caught  in  the  neighbourhood  for  two  months  (or  even 
more)  afterwards. 

Flight  of  anophelines- — The  flight  of  anoplielines  — the  most 
delicate  of  the  Gulicidoi — is  limited.  This  flight  is  said  to  be  generally 
about  half  a  mile.  This  being  so,  the  extermination  of  all  breed- 
ing places  within  an  area  of  half  a  mile  radius  should  eliminate 
malaria.  Immigration  of  mosquitoes  from  other  areas  into  canton- 
ments and  places  where  anti-malarial  operations  continue  has  been 
urged  against  such  measures.  There  is  evidence  to  show  that  such 
importation  in  endemic  malarial  areas  is  constantly  in  progress,  but 
xmder  normal  circumstances  immigration  and  emigration  balance  one 
another,  so  that  this  factor  alone  should  not  affect  the  question  of  anti- 
mosquito  measures.  In  a  recent  investigation  of  the  malaria  in  a  large 
district  one  found  both  winged  anophelines  and  their  larvae  in  every 
plains  station  within  half  a  mile  of  cantonments,  and  in  most  stations 
in  the  heart  of  cantonments  themselves. 

It  may  be  stated  that  up  to  the  present  time  the  distance  anophe- 
lines can  fly  is  a  question  that  has  not  definitely  been  settled.  The 
probability  is  that  they  seldom  fly  over  half  a  mile,  and  they  cannot 
fly  even  this  distance  if  there  are  any  barriers  to  penetrate,  such  as  trees, 
jungle,  etc.  It  is  a  mistake  to  cut  down  jungle  indiscriminately  in  the 
belief  that  it  harbours  mosquitoes.  This  may  give  anophelines  an  inlet 
from  infected  bazars  or  village  huts,  or  from  breeding  grounds.  On 
the  other  hand  long  grass,  jungle,  and  brushwood  may  foster  anophelines 
by  giving  them  rest  and  shelter  between  their  breeding  places  and 
human  habitations. 

Time  mosquitoes  bite.— The  majority  of  Indian  mosquitoes  prefer 
biting  at  night.  During  the  day  they  obscure  themselves  amongst 
shrubs  and  bushes,  in  dark  corners  of  native  huts,  tents,  barracks  and 
houses.  Some  favour  dark  objects,  dark  clothing  being  particularly 
attractive.  The  specially  domestic  kinds  such  as  the  Culex  fatig cms, 
Blegomyia  calopus,  and  8.  asiatica,  are  not  often  seen  remote  from' 
habitations,  but  sometimes  may  be  found  in  jungles.  Occasionally  some 
of  the  wild  or  sylvan  mosquitoes,  contrary  to  their  usual  habits,  are  found 
in  houses,  huts,  and  habitations  generally. 

Local  irritation  from  mosquito  bites.— The  irritation  caused  bv  a  mosauito 
bite  has  nothing  to  do  with  malaria.  The  irritation  is  caused  by  the  fluid  iniected 
by  the  mosquito  from  the  small  cavities  in  the  body  of  the  mosquito  which  contain 
enzymes  or  ferments  of  bacteria  ;  this  causes  congestion  of  the  part  and  thus  admits 
pfafu  1  supply  0  food  to  the  surface.  The  first  thing  the  mosquito  does  i^  to 
insertits  proboscis  into  the  skin;  the  next  is  to  project  its  poison  which  she 
does  before  drawing  blood.    Persons  living  in  mosquiti-ridden  plac^sNTcqu^re  an 
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immunity  to  this  poison,  which  does  not  in  them  produce  any  irritation ;  just  as 
some  men  m  this  country  who  are  constantly  gathering  honey-combs  from  iuugles 
become  immune  to  stings  of  bees.  It  is  well  known  that  some  people  possess  a 
natural  immunity  to  this  poisou.  The  absence  of  irritation  is  therefore  not  a  sign 
ot  exemption  from  m>ilarial  infection -it  may  disguise  the  fact  when  malarial 
intection  has  occurred.  We  also  know  that  the  bite  of  malaria-bearing  anophelines 
18  associated  with  less  discomfort,  pain,  and  annoyance,  than  that  of  either  of  the 
other  two  chief  genera  of  mosquitoes  in  this  country— Culex  and  Stegomyia.  The 
irritation  caused  is  less  in  inhabitants  of  mosquito  places.  This  is  possibly 
explained  by  immunisation  against  the  bacterial  enzymes  injected  acquired  by  resi- 
dence in  the  area,  and  is  of  no  importance  in  the  study  of  malaria. 

Capture  of  adult  anophelines.— Adult  mosquitoes  when  at  rest 
may  be  captured  in  test  tubes  or  small  bottles  by  placing  the  moutlis 
over  them.  Personally  one  has  made  more  rapid  captures  by  using 
small  butterfly  nets  8  to  12  inches  in  diameter,  with  a  bamboo  or  cane 
circular  rim  at  the  top  and  a  short  handle.  When  required  for  simply 
counting  the  relative  numbers  of  different  species  of  anophelines  or  foi 
dissection  for  sporozoite  rate,  this  is  a  fairly  rapid  method  of  collecting 
anophelines. 

All  Culicidse  are  aquatic  in  their  larval  and  pupal  stages,  and  live  in  water. 
They  swim  and  dive  by  means  of  paddles  and  feed  on  water  organisms.  They  cannot 
breathe  under  water.  In  a  week  or  more  the  pupa  is  formed  from  the  larva.  Larvaj 
vary  from  T"g  to  i  of  an  inch  in  length,  the  latter  being  their  length  when  full  grown. 
Their  colour  varies ;  most  are  brown,  yellow,  or  greenish.  Anopheline  larvae  are 
specially  found  under  cover  of  grass  and  weeds  in  water,  and  are  not  often  seen  in  the 
open,  except  in  stagnant  waters.  The  smaller  and  moderate  sized  collections  of 
water  are  more  favoured,  by  anophelines  for  oviposition  than  the  larger.  Recently 
one  found  that  a  comparatively  shallow  pool  connected  with  ahydrant  in  the  Native 
Infantry  lines  at  Agra  swarmed  with  Myz.  culirjjacies  and  Ps.  rossi  larva3.  The 
greatest  numbers  of  malaria-bearing  larvae  have  always  been  found  in  moderate 
sized  pools.  It  may  be  here  remarked  that  of  two  similar  tanks  fairly  adjacent  to 
one  another,  for  some  unknown  reason  one  will  contain  many  anopheline  larvas 
and  the  other  none.  Larvae  have  numerous  enemies  and  are  often  covered  with 
parasites.  Anopheline  larvae  have  never  been  found  by  me  in  large  irrigation  canals 
and  their  branches  when  these  were  in  pukka  conduits  free  from  grass  and  weeds ; 
they  were,  however,  always  found  in  katcha  irrigation  channels,  and  in  the  katcha 
waste  channels  from  pwK-a  irrigation  canals.  The  absence  of  larvse  irom  pukka 
canals  is  explained  by  the  periodical  shutting  off  of  the  water  or  by  the  rapid  flow 
in  a  channel  usually  devoid  of  grass  and  vegetation.  Sometimes  a  large  tank  may 
be  searched  around  its  whole  circumference  without  finding  a  single  anopheline 
larva,  and  then  one  reaches  a  small  shallow  branch  of  it  or  a  small  channel  draining 
into  it,  which  will  contain  myriads.  The  drying  shallow  parts  are  specially 
favoured  by  them.  A  very  light  wind,  one  only  just  sufficient  to  cause  a  barely 
visible  ripple  on  the  surface  of  the  water,  will  often  cause  anopheline  larvae  to 
drift  to  leeward.  Time  will  often  be  saved  by  at  once  inspecting  the  leeward  side 
of  large  collections  of  water. 

We  have  much  to  learn  regarding  the  habits  of  anophelines  before 
we  can  effect  their  eradication  from  even  limited  endemic  malarial 
diBtricts.  Observations  in  such  districts  will  have  to  be  carried  out  for 
some  years  before  we  can  solve  many  of  the  unknown  problems  of 
to-day  that  harass  the  anti-malarial  sanitarian.  One  of  the  chief 
directions  in  which  profitable  study  and  observation  might  be  carried 
on  is  in  the  method  of  aestivation  and  hibernation  of  anophelines. 
It  is  during  these  periods  of  hiding  that  their  numbers  are  compara- 
tively few,  and  were  we  to  know  where  to  attack  them  in  the  larval  and 
adult  stages  during  the  non-breeding   seasons,  we  should  certainly 
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be  able  to  materially  diminish  the  numbers  appearing  in  the  breeding 
season.  In  places  where  that  season  continues  all  the  year  round  the 
task  is  still  more  difficult.  Destruction  of  hibernating  mosquitoes  is 
most  useful  because  if  not  carried  out,  being  fecundated,  the  females 
will  deposit' their  ova  as  soon  as  the  meteorological  and  telluric  con- 
ditions are  favourable  for  her  doing  so. 

The  Parasites  of  Malaria. 

The  parasites  belong  to  the  sub-kingdom  Protozoa  or  unicel- 
lular organisms,  and  to  the  phylum  Sporozoa.  There  are  three  species 
met  with  in  India,  possibly  four.  In  each  species  the  parasites  invade, 
occupy  and  lead  to  the  destruction  of  the  red  cells,  in  doing  so  creating 
toxins,  and  pigment  (melanin);  they  multiply  indefinitely  in  the  blood 
by  simultaneous  sporulation  which  occurs  at  regular  intervals  of  two 
or  three  days,  producing  attacks  of  fever.  They  are  carried  from  man 
to  man  by  certain  species  of  anopheliue  mosquitoes.  Quinine  has  a 
specific  action  on  the  parasites,  killing  all  those  it  comes  into  contact 
with,  when  it  is  in  a  sufficient  state  of  concentration  in  the  blood. 
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reach  maturity  in  two  (simple  and  malignant  tertian  parasite)  or  three  fquartan 
parasite)  days,  and  in  doing  so  convert  the  hfemoglobin  into  melanin.  They 
during  their  development  may  form  (1)  a  number  of  spores  or  (2)  gametocytes.  In 
those  that  form  spores  the  nucleus  divides  into  a  varying  number  of  segments, 
each  segment  gathering  some  of  the  protoplasm  around  it  and  becoming  a  spore. 
When  finally  mature,  the  body  ruptures  and  sets  free  its  spores,  together  with 
melanin  and  toxins,  into  the  blood  plasma.  The  spores  attack  fresh  corpuscles, 
and  the  malaniu  is  eaten  up  by  the  white  blood  cells.  The  rupture  of  all  red  cells 
containing  spores  occurs  more  or  less  simultnneously.  This  is  what  is  known  as 
the  asexual  or  fever-producing  cycle  of  malarial  parasites.  In  the  young  forms 
which  develop  into  gametocytes  the  nucleus  does  not  divide.  These  gametocytes 
are  the  sexual  forms,  male  and  female,  of  malarial  parasites.  Th  ^y  do  not  undergo 
any  further  change  under  ordinary  circumstances  in  the  blood  of  man,  but  are 
there  ready  to  be  taken  in  by  anophelines.  When  they  reach  the  stomach  of  the 
mosquito  they  undertake  sexual  functions.  They  set  themselves  free  from  the 
red  cells  in  which  they  are  enclosed.  The  male  gametocyte  in  from  10  to  30 
minutes  throws  out  three  or  more  active  mobile  filaments  or  flagella  called  micro- 
gamelea.  These  break  away  from  the  microgametocytes,  wander  about,  and  finally 
enter  the  female  gametocyte.  This  fertilises  the  female,  the  body  being  now  called  a 
zygote.  The  zygote  resulting  from  fertilisation  is  at  first  a  freely  moving  body, 
the  vermicide  or  oohinet,  which  seeks  out  actively  and  penetrates  the  epithelial  cells 
of  the  stomach  wall.  It  now  elongates,  becomes  very  active,  and  works  its  way  to 
the  outer  wall  of  the  mosquito's  stomach.  Here  it  rapidly  increases  in  size.  The 
nucleus  now  undergoes  numerous  divisions.  In  the  walls  of  the  stomach  it  grows 
rapidly.  In  a  week's  time  it  is  full  grown.  It  has  then  a  capsule  around  it,  and, 
in  its  interior,  a  number  of  elastic  spindle-shaped  bodies  called  sporozoites  or  blasts. 


Fig  71~D^lopment  of  tue  malaria  parasite  in  the  mosquito  :  a  b  aud  c., 
""'^he  mafe  gamLcytes  ;  d,  e  and  f,.  the  female  gametocytes  ;  f .  tertihsatio^^ 
of  the  female  gametocyte  by  a  microgamete.    (After  Ross  andl<iEL»iNa 

OULD.)  .  , 

give  rise  to  a  paroxysm  of  fever. 

The  period  for  complete  sexual  development  and  reproduction  of  sporozoites 
in  anonhelines  is  six  to  ten  days. 


IN  PEACE  AND  FRONTIER  WARFARE  IN  INDIA.  455 

It  is  assumed  that  without  sexual  reproduction,  the  malarial  organism  would, 
after  asexual  multiplicatiou  for  a  number  of  generations,  become  exhausted  and  die 
out  A.S  far  as  the  individual  person  is  concerned  this  is  what  actually  takes  place, 
when  properly  treated  by  quinine  ;  for  then  the  young  forms,  which  would  eventually 
have  given  rise  to  sexual  forms,  are  destroyed.  Hence  quinine  properly  given  is  a 
definite  disinfectant  of  the  blood  iu  the  bacteriological  sense.  There  is  a  certain 
amount  of  experimental  evidence  to  support  the  hypothesis  that  conjunction  of  male 
and  female  gametes  involves  a  process  of  rejuvenescence  whereby  the  cell  is 
stimulated  to  renewed  activity. 

The  gametocytes  do  not  all  appear  in  the  blood  during  the  first  paroxysms  of 
malignant  tertian  fever ;  they  usually  do  so  in  from  a  week  to  a  fortnight  after  the 
first  attack,  and  remain  iu  tlie  blood  for  several  weeks.  In  simple  tertian  and 
quartan  they  appear  with  the  early  attacks  of  fever,  continue  in  the  blood  for  a 
a  few  days,  and  then  disappear.  When  quinine  is  administered  early  in  malarial 
fevers  the  gametocytes  may  not  develop  at  all,  especially  is  this  the  case  with 
regard  to  quartan  and  simple  tertian  gametocytes. 

There  is  still  much  in  connection  with  the  life-history  of  malarial 
parasites  that  we  do  not  know,  and  one  of  the  most  difficult  problems 
is  the  exact  pathogenetic  relation  of  relapses.  We  have  been 
accustomed  to  believe  that  malarial  parasites,  like  all  other  sporozoa, 
after  several  generations  of  asexual  life,  tend  to  exhaust  themselves, 
but  the  recurrence  of  malarial  fever  for  years  in  persons  who  have 
left  the  malarious  locality  in  which  they  acquired  malarial  infection, 
and  lived  in  non-malarious  places,  that  is,  without  the  possibility 
of  re-infection,  indicates  that  such  asexual  multiplication  may  continue 
almost  indefinitely.  In  Lansdow^ne  (5,600  feet)  where  there  is  no 
initial  malaria,  one  has  seen  cases  of  such  relapses  going  on  for  at  least 
two  years.  There  is  undoubted  evidence  that  such  relapses  may  go  on 
for  a  much  longer  period.  There  is  probably  much  more  in  relapses 
than  is  accounted  for  in  the  simple  explanation  of  parthenogenesis  and 
a  return  of  female  gametes  to  "  indifferent  "  forms. 

In  India  there  are  as  far  as  we  at  present  know,  only  three  forms 
of  malarial  parasites  giving  rise  to  the  three  forms  of  malarial  fever 
met  with. 

(1)  Quartan  parasite. — This,  known  as  the  Plasmodium  malarice, 
gives  rise  to  quartan  ague,  in  which  the  attack  comes  on  every  72 
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Fig.  72,— Quartan  parasite. 
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hours.  In  this  form  the  parasite  iuvades  the  red  corpuscles,  sporulates, 
and  in  doing  so  forms  from  6  to  12  spores,  which  give  the  invaded  red 
cell  a  daisy-like  appearance  before  it  ruptures  to  set  the  spores  free  in 
the  blood.  In  the  human  blood  the  life-cycle  of  this  parasite  lasts 
72  hours.  Two  or  more  generations  of  the  parasite  may  carry  on  their 
life-cycle  in  the  blood  simultaneously,  giving  rise  to  double  or  triple 
quartan  ague. 

(2)  Simple  tertian  parasite. — Simple  tertian  or  benign  tertian 
fever,  due  to  Plasmodium  vivax,  in  which  the  attack  comes  on  every 
48  hours.  In  this  the  parasite  invading  the  red  blood  cells  also  forms 
spores,  which,  when  fully  developed,  are  from  12  to  24  in  number,  and 
before  the  rupture  of  the  cell,  look  like  the  petals  of  a  rose  inside  the  red 
cell.  The  life-cycle  of  the  parasite  is  48  hours.  Two  or  more  genera- 
tions of  the  parasite  may  in  simple  tertian  also  carry  on  their  life-cycles 


PiQ  74— The  benign  tertian  parasite :  a,  b,  c,  d,  Amoebulte  ;  c,  Sporocyte  ;  f, 
Free  spores ;  g,  Female  Gametocyte  with  so-called  Polar  bodies  ;  h,  Male  Gametocyte. 

simultaneously,  giving  rise  to  double  or  triple  (rare)  tertian  ague. 
Stained  by  RomANOWSKY  stain  in  many  cases  the  decolorised  infected 
red  corpuscles  display  a  number  of  deep  red  granules -ShufEner's  dots. 
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The  vast  majority  of  the  cases  of  malaria  in  India  consists  of  simple 
tertian,  which  is  considered  by  most  authorities  to  be  the  easiest  form 
of  malarial  infection  to  eradicate  from  a  locality  and  from  infected 
persons.  This  does  not  correspond  altogether  with  the  experience  of 
many  experts  in  India.  Notwithstanding  statements  to  the  contrary, 
the  largest  number  of  relapses  occur  in  cases  of  simple  tertian  fever — 
this  is,  of  course,  accounted  for  by  the  fact  that  this  is  the  pre- 
dominating form  of  malarial  fever.  The  generally  accepted  statement 
also  that  perniciousness  (p.  462)  is  confined  to  malignant  tertian  ia 
opposed  to  my  personal  experience,  as  one  has  seen  such  conditions  as 
algid  j>aroxysms,  choleraic  attacks,  secondary  pernicious  anaemia,  cerebral 
attacks,  and  even  hyper-pyrexial  phenomena,  associated  with  simple 
tertian  infection,  whilst  a  fair  proportion  of  cases  of  repeated  simple 
tertian  relapses  or  re-infections  end  in  malarial  cachexia.  In  discussing 
the  subject  with  men  of  wide  knowledge  of  Indian  malaria  it  has  been 
ascertained  that  one's  experience  in  this  respect  is  not  exceptional. 

In  both  quartan  and  simple  tertian  fever,  the  gametocytes  (sexual 
forms  of  the  parasite)  are  spherical  in  the  human  blood. 

(3) — M.a.ligna,nt  tertia,n-p&raksite.— Malignant  tertian  fever  due 
to  Laverania  malarice,  in  which  the  typical  attack  comes  on  every  48 
hours,  but,  as  frequently  there  are  two  (or  more)  generations  of  the 
special  parasite  undergoing  development  simultaneously  in  the  blood, 
the  attacks  often  occur  daily,  or  irregularly. 


Fio.  TS.-^^Malignant  tertian  parasite. 
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Fia.  76.— The  sub-tertian  parasite,  a,  Ij,  c,  Amoebulse  ;  d,  Sporocyle;  e,  Free 
Bpores  ;  f ,  g,  h,  Female  gametocyte  ;  j,  k,  1,  Male  gametocyte. 

Varieties  of  malarial  fever  in  India. — There  are  three  varieties 
of  mtilariiil  fever  iu  India,  viz.,  Quartan,  Simple  or  Benign  Tertian, 
and  Malignant  or  Sub-tertian,  eacli  being  caused  by  corresponding 
parasites  which  invade  the  red  cells.  Simple  tertian  and  quartan 
malarial  fever  have  usually  been  grouped  under  the  common  term  ague 
t)r  intermittent  fever.  This  is  inaccurate  for  several  reasons,  especially 
because  they  are  due  to  distinct  species  of  malarial  parasites. 

Incubation  period. — This  has  been  determined  b}'  direct  inocula- 
tion of  malarial  blood,  by  observations  after  persons  have  been  only 
one  day  in  a  malarious  place,  and  by  experimental  production  of 
malaria  from  infected  mosquitoes.  The  incubation  period  varies  from 
about  6  to  20  days. 

The  term  paroxysm  is  applied  to  the  period  occupied  by  the 
three  stages  — cold,  hot  and  sweating.  The  term  interval  is  used  to 
denote  the  period  from  the  commencement  of  one  paroxysm  to  tlie 
commencement  of  the  next  paroxysm.  The  term  intermission  is 
applied  to  the  period  intervening  between  the  end  of  a  paroxysm  and 
the  beginning  of  the  next. 

The  malarial  paroxysm. — When  the  parasites  have  increased  in 
numbers  sufficiently  to  produce  enough  malarial  toxin  to  give  rise  to 
fever,  the  typical  manife.station  of  malarial  infection,  the  malarial 
paroxyfini,  hegius.  At  this  time  all  the  red  cells  that  are  infected 
burst  more  or  less  simultaneously  and  set  free  many  millions  of 
spores  and  a  corresponding  amount  of  toxin  and  melanin. 

Premonitory  symptoms- — As  the  parasites  are  multiplying  and 
approaching  a  sufficient  number  to  give  rise  to  an  attacL:  of  fever, 
certain  premonitory  symptoms  develop,  such  as  general  malaise,  aching 
in  the  limbs  and  back,  headache,  chilly  sensations  and  sometimes 
slight  rises  of  temperature  daily,  before  the  fully  developed  attack. 
These  symptoms  may  continue  some  days  before  the  paroxysm  sets  in. 


IN  PKACE  AND  FRONTIER  WARFARE  IN  INDIA. 


,459 


Symptoms- — The  paroxysm  in  all  forms  of  malarial  fever  consists 
of  three  stages— cold,  hot  and  sweating — which  may  be  more  or  lesa 
moflified  nccording  to  the  species  of  the  parasite,  peculiarities  of  the 
individual,  degree  of  susceptibility  or  sensitiveness  to  the  effects  of  the 
malarial  toxin,  etc. 

Cold  stage. — There  are  peculiar  chilly  sensations,  fleeting  pains 
in  various  parts  of  the  body  which  come  and  go,  but  increase  in 
severity  ;  then  the  chilliness  increases  rapidly,  and  if  even  a  slight  breeze 
reaches  the  patient  he  begins  to  shiver.  He  is  now  as  a  rule  compelled 
to  go  to  bed  and  a  regular  shivering  fit  usually  occurs.  The  body 
shakes  all  over,  the  teeth  chatter,  the  skin  is  pale  or  bluish,  the 
papillae  of  the  skin  are  raised  to  produce  what  is  called  a  "  goose-skin  " 
appearance.  The  patient  feels  intensely  cold  and  piles  over  himself 
a  heap  of  bed-clothes  even  in  the  hot  weather.  The  nails  and  lips  are 
blue.  He  lies  in  bed  all  huddled  up.  The  pulse  is  small  and  increased 
in  frequency,  the  breathing  is  hurried ;  headache  may  be  very 
severe,  and  if  he  gets  up  he  feels  giddy.  There  is  often  vomiting. 
The  temjierature  though  low  at  the  surface  is  high  in  the  mouth 
and  rectum.  The  urine  is  pale,  in  hirge  quantity  and  of  low  specific 
gravity.  This  stage  usual  ly  lasts  from  a  few  minutes  to  one  hour,  and  at 
the  end  of  it  the  temperature  may  be  from  102  to  106°  F.  This  stage  ia 
more  marked  in  .simple  quartan  and  tertian  ague;  it  is  less  marked, 
and  sometimes  even  absent,  in  malignant  tertian  ague. 

Hot  stage. — This  may  set  in  gradually  or  suddenly.  The  tem- 
perature continues  to  rise  and  may  attain  its  maximum  about  two 
hours  after  the  commencemi  nt  of  the  paroxysm.  As  the  temperature 
goes  up  the  shivering  lessens  and  is  then  replaced  by  flushes  of  heat 
throughout  the  body.  The  skin  is  now  hot,  pungent  and  flushed  ;  there 
is  often  vomiting  and  great  thirst;  the  headache  is  more  severe. 
The  pulse  is  rapid  and  full.  The  temperature  is  from  102-5°  to 
105"  F.  or  higher.  This  stage  lasts  a  varying  length  of  time,  being 
usually  3  to  4  hours  in  quartan,  4  to  5  hours  in  benign  tertian,  and 
16  to  20  hours  in  malignant  tertian.  The  urine  is  scanty  and  high 
coloured.  The  spleen  may  be  felt  to  be  enlarged.  This  stage  is 
practically  always  present. 

Sweating  stage.— The  sweating  usually  begins  about  the  head 
and  18  soon  general.  Beads  of  sweat  begin  to  appear  on  the  forehead  lins 
cheet  and  hands;  often  perspiration  is  profuse  and  drenc'hiL' 
Ihe  temperature  falls  and  finally  drops  to  a  degree  or  more  b-low 
normal  and  the  patient  feels  comparatively  free  from  discomfort. 
Soured^  '        """"^  still  continues  scanty  and  high 

■    The  attacks  usually  come  on  every  second  day  (benign  tertian 
and  mahgnant  tertian)  or  third  day  (simple  quartan)  or  dailv  ^donhll 
benign  tertian,  double  malignant  tertian,  and  triple  quartan* ' 
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The  paroxysms  are  subject  to  various  modifications,  some  of  which 
occur  as  ordinary  events,  others  are  unusual  and  abnormal,  e.g.,  they 
may  anticipate,  when  they  come  on  earlier  with  each  attack,  or  postpone, 
when  they  come  on  later. 


The  simple  tertian  paroxysm — This  usually  lasts  from  9  to  12  hours.  Before 
the  iuitial  paroxysin  there  are  often  premonitory  symptoms  for  several  days. 
The  shivering  fit  is  as  a  rule  less  severe  and  the  fever  more  marked  aud 
prolonged,  the  headache,  vomiting  and  pains  in  the  hones  are  more  distressing,  than 
in  quartan. 

The  malignant  tertian  paroxysm —This  lasts  from  24  to  40  hours,  it  is  the 

most  severe  form  of  malarial  fever,  aud  reprpseuts  a  more  profound  degree  of 
intoxication  than  the  more  innocent  forms  of  malnrial  infection.  The  temperature 
chart  is  quite  distinct  from  other  forms  of  malarial  fever.  The  temperature  rises 
rapidly  and  keeps  up  for  many  hours,  then  there  is  a  temporary  fall,  called  the 
pseudo-crisis  J  after  which  the  fever  increases  again,  rising  higher  than  it  was 
previously,  and  finally  dropping  to  well  below  the  normal  icrisis).  The  other 
symptoms  are  usually  very  severe,  but  the  shivering  fit  is  more  often  absent  than  in 
other  malarial  fevers.  Sometimes,  however,  the  shivering  fit  is  severe  and 
prolonged,  or  after  the  occurrence  of  several  paroxysms  the  shivering  fit,  or  even 
chilliness,  may  be  absent.  The  temperature  may  run  very  high.  The  hot  stage 
may  last  from  6  to  18  hours  and  may  be  followed  by  profuse  sweating.  There  may 
be  jaundice.  If  unchecked  by  quinine  loss  of  strength  mny  rapidly  set  in. 
Pernicious  attacks  are  more  commonly  met  with  in  this  form  of  fever.  In 
malignant  tertian  the  fever  is  often  more  or  less  continuous  with  remissions,  but  not 
real  intermissions.  It  is  associated  with  coated  tongue,  there  may  be  bilious  vomi- 
ting, often  pain  in  the  "  pit  of  the  stomach  ''  and  tenderness  from  the  vomiting, 
complete  loss  of  appetite,  aud  constipation  or  diarrhoea. 

Malignant  tertian  fever  is  specially  characterised  by  its  disposition  to  irre- 
gularity, and  to  the  production  of  a  remittent  fever,  and  by  the  frequency  with 
which  symptoms  of  a  pernicious  type  develop  (p.  462).  The  remittent  or 
coutinued  type  of  the  fever  in  all  probability  is  due  to  the  grouping  of  the  parasite 
in  the  blood,  the  inlracorpuscular  segmentation  of  which  extends  over  comparatively 
Jong  periods  of  time,  creating  paroxysms  of  long  duration,  which  from  their 
peculiar  tendency  to  anticipation  and  postponement  run  into  one  another. 

The  greater  part  of  the  life-cycle  of  the  malignant  tertian  parasite  is  passed 
in  the  internal  organs  and  larger  blood  vessels,  the  younger  ring  forms  and 
amceboid  bodies  only  being  met  with  in  the  surface  hlood.  Proliferating  parasites 
are  however,  sometimes  though  rarely  met  with  in  the  surface  blood.  The 
blood  of  the  spleen  contains  an  abundance  of  mature  forms  having  clumps  of 
pigment  centrally  arranged  with  the  segmented  parasite  around,  all  contained  in, 
an'd,  being  about  half  the  size  of,  the  red  cell. 

The  gametocytes  do  not  all  appear  in  the  blood  during  the  first  paroxysm  of 
fever  of  malignant  tertian  fever  ;  they  usually  do  so  in  from  a  week  to  a  fortnight 
after  the  first  attack,  and  remain  in  the  blood  for  a  few  weeks  or  longer.  In  simple 
tertian  and  quartan  they  appear  with  the  early  attacks  of  fever,  continue  in  the 
blood  for  a  few  days,  and  then  disappear.  When  quinine  is  administered  early  in 
malarial  fever  the  gametocytes  may  not  develop  at  all,  especially  is  this  the  case 
•with  regard  to  quartan  and  simple  tertian  gametocytes. 

In  all  forms  of  malarial  fever  the  first  paroxysms  are  liable  to  be 
Prolonged  beyond  the  average  periods  mentioned  above.  This  is 
possibly  explained  by  the  fact  that  the  parasites  do  not  at  first  all  sporu- 
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late  together,  but  in  successive  groups,  thus  maintaining  a  longer 
discharge  of  toxin  into  the  blood  plasma.  It  is  possible  also  that  in  the 
early  attacks  the  person  infected  is  more  sensitive  to  the  effects  of  the 
toxin.  For  these  reasons  a  simple  tertian  paroxysm  may  continue 
until  the  next  is  due,  giving  the  case  the  ordinary  characters  of  malig- 
nant tertian  fever.  Conversely  in  those  who  have  suffered  from  several 
paroxysms  the  attacks  may  be  retarded  or  cut  short  by  the  parasites 
all  sporulating  together,  and  by  the  patient  being  less  sensitive  to  the 
effects  of  the  toxin.  So  mild  are  some  attacks  that  people  do  not  stop 
work.  Malignant  tertian,  as  regards  each  paroxysm,  is  as  truly  intermit- 
tent as  ordinary  simple  tertian  and  quartan  ;  when  the  fever  is  remit- 
tent or  continuous  it  is  simply  the  result  of  succeeding  paroxysms 
running  into  one  another  without  any  intermission. 

Sing-le  infections. — In  single  infections  each  paroxysm  is  due  to 
the  brood  of  the  parasites  that  caused  the  preceding  paroxysm.  For 
example,  a  simple  tertian  or  malignant  tertian  paroxysm  occurring  on 
Monday,  the  spores  it  sets  free  will  infect  the  red  cells  and  give  rise  to 
the  next  attack  on  Wednesday,  and  so  on,  leaving  one  day  free 
from  fever. 

Double  infections — In  this  condition  we  have  two  groups  of 
parasites  of  the  same  species  which  do  not  sporulate  at  the  same  time. 
In  the  case  of  simple  and  malignant  tertian  one  generation  would 
sporulate  on  Monday  and  Wednesday  and  the  other  on  Tuesday  and 
Thursday,  and  so  on,  on  altei  nate  days.  Triple  infections  may  also 
occur,  there  being  three  groups  of  the  same  species  of  parasite  in  the 
blood  at  the  same  time.  In  the  quartan  infection  here  the  paroxvsm 
would  occur  daily  in  the  case  of  simple  and  malignant  tertian  some- 
what complex  forms  of  febrile  paroxysms  are  met  with. 

It  is  obvious  therefore  that  a  daily  fever  may  arise  from  double 
infection  of  simple  or  malignant  tertian  parasites,  or  a  triple  infection 
of  quartan  parasites.  When  this  occurs  it  is  observed  that  the 
paroxysm  of  one  day  is  usually  either  more  pronounced  or  less  marked 
than  that  on  the  following  day,  showing  tliat  one  group  is  playing  a 
dominating  role  in  the  blood.  A  continuous  or  remittent  temperature 
may  arise  from  a  prolongation  of  the  paroxysm  due  to  malignant  ter- 
tian parasites,  or  to  absence  of  simultaneous  sporulation,  or  to  unusual 
susceptibility  of  the  patient  to  the  effects  of  the  toxin  In  such  cases 
the  paroxysms  may  run  into  one  another,  or  the  second  paroxysm  beeina 
before  the  first  has  ceased.  •>  & 

Diagnosis.— Typical  cases  of  malarial  fever  are  not  likely  to  be 
confounded  with  typhoid  fever,  but  in  cases  of  malignant  tertian  con- 
muing  for  sonae  time  and  unaffected  by  treatment  a  typhoid  state 
(p.  4.^9)  IS  ikely  to  appear.  If  seen  at  this  stage  and  the  blood  is 
examined  the  diagnosis  is  clear,  but  if  the  blood  is  not  examined  the 
diagnosis  may  be  very  difficult.    In  cases  of  typhoid  fever  (p  485) 


462 


PREVENTION  OF  DISEASE 


we  nsnally  have  diarrhoea,  rose  coloured  spots  on  the  abdomen,  and  the 
temperature  chart  differs  IVom  tbat  of  malarial  fevers.  The  two  diseases 
may  co-exist. 

Prognosis.— The  prospects  of  recovery  from  malarial  infection  are 
almost  invariably  good  when  the  patient  tolerates  quinine,  can  be 
provided  with  a  proper  quantity  of  suitable  food,  and  especially  if  he 
can  be  removed  from  the  endemic  area.  Pernicious  attacks  are  always 
dangerous,  especially  if  of  the  cerebral  or  choleraic  form.  Quartan  and 
simple  tertian  fever,  if  not  properly  treated  by  quinine,  may  produce 
infections  which  last  for  years.  Of  tiie  many  complications  of  malarial 
fever  the  more  serious  are  pneumonia,  dysentery  and  diarrhoea,  and 
this  is  particularly  the  case  wlien  they  complicate  chronic  malarial 
infection.  In  practically  all  cases  the  infection  can  be  eradicated,  and 
further  paroxysms  prevented  by  th(?  proper  use  of  quinine. 

Pernicious  attacks. — When  malarial  infection  is  very  intense  or 
has  continued  for  some  time,  it  may  suddenly  lead  to  the  manifesta- 
tion of  dangerous  symptoms  aflfecting  one  or  more  internal  organs. 
These  symptoms  vary  considerably,  and  are  spoken  oi  pernicious 
attacks.  They  are  as  a  rule  rare,  and  occur  in  the  most  malarious  places 
at  the  most  malarious  period  of  the  year.  The  first  paroxysm  does  not 
usually  run  into  a  pernicious  attack,  although  it  may  do  so  exception- 
ally ;  it  is  as  a  rule  only  aft^r  the  patient  has  suffered  from  several 
paroxysms  that  perniciousness  mainfests  itself,  and  this  occurs  most 
frequently  in  patients  who  have  acquired  no  degree  of  immunity  against 
malaria.  There  are  usually  vast  numbers  oi  parasites  in  the  blooti,  though 
not  necessarily  the  blood  of  the  surface.  Whilst  pernicious  attacks  may 
occur  in  the  more  innocent  forms  of  malarial  infection  they  are 
more  frequently  connected  with  malignant  tertian  fever.  Pernicious 
attacks  occur  mainly  in  people  whose  stamina  is  lowered  from  one  or 
other  cause,  especially  starvation,  intemperance  and  excessive  fatigue. 
They  are  always  extremely  dangerous,  and  come  on  suddenly,  often 
unexpectedly.  They  usually  manifest  their  characters  affer  a  series  of 
preliminary  paroxysms  of  apparently  ordinary  intermittent  or  remittent 
fever,  and  unless  promptly  and  vigorously  treated,  are  likely  to 
be  fatal- 

The  symptoms  in  pernicious  attacks  depend  on  the  part  of  the 
system  involved.  The  chief  forms  of  pernicious  attacks  are  due  to 
implication  of  the  brain  and  other  internal  organs,  and  the  alimentary 
tract  with  malarial  parasites.  These  need  not  be  further  considered 
here. 

The  chief  changes  that  occur  in  malarial  infection  are — enlarge- 
ment of  the  spleen,  which  may  be  enormous,  filling  the  entire  abdomi-^ 
nal  cavity;  in  recent  cases  the  enlarged  spleen  is  soft,  in  older  cases 
the  spleen  is  firm  and  called  ague-cake ;  enlargement  and  some  con- 
gestion of  the  liver,  congestion  of  the  bone  marrow,  vessels  of  the  brain, 
and  some  congestion  of  the  kidneys,  and  anaemia.    Tbp  enlargement  oC 
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■the  spleen  in  cases  of  chronic  malarial  infection  or  malarial 
cachexia  can  usually  be  recognised  as  a  swelling  in  the  left  side  of 
the  abdomen  high  up,  and  can  always  be  felt  in  that  region.  Be- 
sides the  actual  red  corpuscles  destroyed  by  the  parasites,  a  large 
number  are  destroyed  by  the  toxins  set  free.  This  gives  rise  to  the 
anemia  which  is  so  obvious  a  symptom  after  several  paroxysms  have 
occurred. 

Malakul  Cachexia. 

Clinical  characters —Repeated  attacks  of  malarial  infection  improperly 
treated  or  not  tre«ted  at  all,  are  liable  to  culminate  in  the  condition  known 
as  malarial  cachexia.  It  occurs  mostly  in  endemic  malarial  districts  and 
especially  follows  malignant  tertian,  although  it  is  by  no  means  infrequent  after 
neglected  simple  lertiaii,  and  even  after  quartan.  It  may  occur  after  latent  and 
masked  malarial  infectious  that  have  gone  untreated  and  unrecognised. 

The  associated  symptom^!  are— gradually  increasing  weakness,  anosmia,  palpita- 
tion, difficulty  of  breathing  on  exertion,  loss  of  appetite,  and  diarrhoea  ;  there  is  no 
real  emaciation  such  as  is  seen  in  kala-azar.  There  are  periodical  outbursts  of 
malarial  fever  and  during  the  intervals  the  temperature  is  normal.  The  parasites 
are  found  in  the  blood  dUritig  these  pyrexial  attacks  and  may  completely  disappear 
between  them.  'Ihere  is  always  considerable  enlargement  of  the  spleen.  This  is 
one  of  the  most  frequent  morbid  conditions  seen  in  the  children  of  endemic  malarial 
districts. 

Of  3,884  children  between  0  and  JO  years  of  age  recently  examined  in  a 
J&rge  enderaically  malarious  district,  one  found  that  2,i<jiO  or  about  60  per  cent,  had 
varying  degrees  of  enlargement  of  the  spleen ;  amongst  the  spleen  cases  there  we're 
98  cases  or  4  26  per  cent,  of  malarial  caclie.\ia.  The  number  of  children  with 
malarial  parasites  in  their  blood  of  the  .3,884  was  about  40  per  cent. 

Spontaneous  cure  of  malaria. — It  is  within  the  experience  of  all 
medical  men  in  India  that  in  healthy  persons  a  small  infection  of 
malarial  parasites  may  be,  and  often  is,  completely  thrown  off.  In  all 
probability  a  similar  infection,  when  the  physiological  resistance  is 
reduced  from  any  cause,  would  bring  about  definite  symptoms  of  mala- 
rial mfection.  The  human  body  possesses  natural  means  of  destroying 
the  malarial  parasite.  The  chief  agency  by  which  this  is  brought 
about  IS  the  large  mononuclear  leucocytes  and  to  a  much  less  extent 
the  polymorphonuclears  ( see  p.  1  .'id).  The  leucocytes  effect  the  destruc- 
tion of  some  ol  the  parasites  during  the  febrile  paroxysm,  and  also  ingest 
the  disintegrated  forms  after  the  conclusion  of  the  febrile  attacks  When 
the  nutrition,  of -the  body  is  perfect,  this  and  other  defensive  natural 
processes  are  considerably  helped,  whereas  when  the  vitality  is  lower  J 
from  any  cause,  spontaneous  cure  is  hindered. 

Relapses  and  Re-infections.-By  a  relapse,  we  mean  the  occur 
rence  ot  a  malanul  paroxysm  or  series  of  parotysms,  sometimes  weX 
or  even  months  after  an  antecedent  attack  of  makrial  feveT  wi^horth^ 
intervention  of  a  fresh  infection-it  is  the  re-awakeninrof  I^^e  clinic^^ 
phenomena  by  malarial  parasites  that  have  remained^do rmant  n  the 
infeLon?  ^.f--.-  1--^.  They  are  quite  unconne^t'd  with  ' 
infections.    By  re-vnfechon  we  mean  a  new  infection  of  the  blood  by 


464 


PltEVENTION  OF  DISEASE 


malarial  parasites  through  anophelines,  after  the  system  has,  by  treat- 
ment or  spontaneously,  got  rid  of  all  parasites  by  which  is  was 
previously  invaded. 

Relapses  must  in  India  be  looked  on  as  one  of  the  ordinary  occur- 
rences of  malarial  fever.  It  is  now  fully  recognised  that  relapses  may, 
by  appropriate  and  prolonged  administration  of  quinine,  be  entirely 
eliminated  in  any  individual  case  and  in  groups  of  men  under  control 
and  discipline.  Without  such  treatment  malarial  fevers,  especially  in 
malarial  districts,  in  the  majority  of  cases  are  followed  by  relapses. 

Treatment  of  Malaria  by  Quinine. 

The  alkaloid  quinina*  was  first  extracted  from  the  Peruvian  bark 
by  Caventou  and  Pellitiek  in  1820,  and  it  was  first  used  in  India 
about  1845. 

Quinine  is  the  universally  accepted  curative  and  prophylactic  drug 
against  malarial  fevers,  and  it  is  for  these  purposes  the  nearest 
approach  to  a  specific  that  we  possess.  It  has  a  decided  and  distinct 
influence  on  malaria  by  killing  the  parasites  of  the  disease  already  in  the 
blood. 

In  modern  times  a  large  number  of  substitutes  for  quinine  have 
been  introduced,  some  of  which  have  been  administered  empirically, 
others  because  they  should  from  their  effect  britig  about  the  destruction 
of  malarial  parasites.  In  no  single  case  can  these  substitutes  compare 
in  efficacy  with  quinine,  they  will  not  therefore  be  further  referred  to. 

Method  of  administration. — Quinine  is  given  by  the  mouth  in 
solution,  powder,  tabloids  or  tablets  and  pills.  The  majority  of  medical 
men  in  India  consider  that  the  most  satisfactory  way  of  giving  quinine 
to  produce  the  maximum  effect  in  the  shortest  time  is  in  the  solution 
by  the  mouth.  Quinine  in  solution  has  the  advantage  of  being  quickly 
absorbed  and  producing  its  effects  more  rapidly  than  in  any  other  way 
except  by  intravenous  injection  which  is  only  resorted  to  in  perni- 
cious attacks.  Until  lately  practically  throughout  the  Indian  Army  and 
in  jails  this  was  the  manner  in  which  it  was  used  both  prophyl actively  and 
curatively. 

Many  medical  officers  in  India  now  prefer  the  hydrochloride  of 
quinine  to  the  bisulphate.  It  contains  81  per  cent,  of  the  alkaloid,  while 
the  sulphate  only  contains  73-5  per  cent.,  it  is  also  said  to  be  more 
stable  and  to  reach  the  blood  more  rapidly.  In  whatever  form  quinine 
is  used  it  is  better  to  adhere  to  a  uniform  method  of  administration 
both  curatively  and  prophylactively.  Quinine  is  given  in  the  form  of 
powder  by  the  mouth  with  the  object  of  escaping  the  bitterness.  Ordi- 
narily the  bisulphate  is  taken  in  rice  wafer  paper  or  suspended  in  milk, 

»  The  word  quinine,  unless  otherwise  specified,  refers  to  the  aulphate  salt,  of 
that  alkaloid 
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Dosage.— When  administered  for  the  ciure  of  malarial  infection 
children  under  1  year  may  get  from  f  to  H  grains  twice  a  day  ;  those 
from  1  to  5  years  U  to  3  grains  twice  a  day;  5  to  10  years  o  grains 
twice  a  day  ;  10  to  15  years  10  grains  twice  a  day ;  after  lo  years  adult 
dose;  adult  dose  5  to  15  grains  twice  a  day.  In  heavy  infections 
threatening  to  overwhelm  the  system  50  per  cent,  more  than  the 
quantities  named  may  be  given. 

Quinine  in  the  cure  of  malarial  fevers.— During-  malarial  infec- 
tion the  object  should  be  not  only  to  check  the  paroxysms  but  also  to 
eradicate  all  the  parasites  from  the  blood  by  the  use  of  quinine ;  for 
this  purpose  the  drug  must  be  continued  for  at  least  three  months  and 
preferably  for  four  months. 

In  all  cases  of  malarial  fever  it  is  a  sound  rule  to  begin  the  drug 
as  soon  as  the  bowels  have  been  acted  upon  by  an  aperient,  if  they  are 
not  already  freely  open.  Quinine  acts  more  promptly  in  malarial  fevers 
when  the  bowels  are  well  opened,  and  as  there  is  a  tendency  to  con- 
stipation, it  is  well  to  begin  the  quinine  treatment  with  a  purge  such  as 
a  dose  of  calomel  and  compound  jalap  powder,  Epsom  salts,  or  a  Seidlitz 
powder. 

The  best  way  of  taking  quinine  is  in  mixture  5'  grains  to  the 
ounce : — 


When  5  grains  are  to  be  taken  one  ounce  is  the  dose,  when  10, 
two  ounces,  15,  three  ounces.  This  is  much  less  liable  to  disagree  than 
when  the  larger  doses  are  taken  in  one  ounce  of  water.  It  has  fewer 
disagreeable  after  effects  when  taken  just  before  a  meal.  The  iirst 
mouthful  of  food  removes  the  bitterness. 


Sulphate  of  quinine 
Dilute  sulphuric  acid 
Water 


...  1  drachm. 

...  1  „ 

...  12  ounces. 
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rr,nnfT following  is  the  general  plan  one  would  advocate  for  a  three 
months  course  of  curative  quinine  treatment. 

The  method  begins  after  the  last  paroxysm  or  series  of  paroxysms. 
First  iveek. — 

(a)  In  double  malignant  tertian  (quotidian)— 30  grains  daily 
for  three  days,  and  then  '20  grains  daily  for  another  3 
days  none  on  the  seventh  day,  making  150  grains  dur- 
ing the  first  week. 

(6)  For  ordinary  malignant  tertian— 30  grains  on  the  day  of 
the  next  expected  attack,  and  continued  on  alternate 
days  until  120  grains  have  been  taken  during  the  first 
week.  ° 

(c)  For  double  benign  tertian— SO  grains  daily  for  3  days  and 

then  20  grains  daily  for  3  days,  none  on  the  seventh 'day, 
making  150  grains  in  the  first  week. 

(d)  For  ordinary  benign  tertian -SO  grains  on  the  day  of  the 

expected  attack,  and  continued  on  alternate  days  until 
120  grains  have  been  taken  during  the  first  week. 

(e)  For  ordinary  quartan— SO  grains  on  the  day  of  the  next 

expected  attack,  and  continued  every  third  day  until 
120  grains  have  been  taken. 

For  double  and  triple  quartan  the  intervals  between  the  doses 
would  be  shorter,  and  the  amount  of  quinine  to  be  taken  in  the  first 
stage  of  the  course  larger. 

From  the  end  of  the  first  week  the  course  may  be  the  same  for  all 
types  of  malarial  infection. 

Second  lueeJc — 15  grains  daily. 

Third  and  fourth  loee/cs— 10  grains  daily  with  20  grains  every 
seventh  day  instead  of  10. 

Fifth  to  eight  iveeJcs  (inclusive) — 10  grains  daily. 

Ninth  and  tenth  iveeks—5  grains  daily  with  10  grains  on  two 
consecutive  days  each  week  instead  of  5. 

Eleventh  and  twelfth  iveeks—5  grains  daily  with  10  grains  instead 
of  5  once  a  week. 

Should  a  relapse  or  a  re-infection  occur  while  the  patient  is  under 
this  treatment  (which  is  most  unlikely)  the  whole  course  is  to  be 
commenced  de  novo. 
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These  rales  are  general  and  not  specific.  The  quantities  men- 
tioned  are  what  one  considers  the  average  adult  man  should  take.  Some 
will  require  more,  others  less.  There  are  many  factors  entering  intc 
the  circumstances  of  cases  of  malaria  that  will  necessitate  some  modifica- 
tion of  this  method.  Amongst  these  are  the  freshness  of  the  infection 
at  one  end  and  chronicity  at  the  other,  inordinate  sensitiveness  to  the 
toxins  metabolised  by  malarial  parasites,  unusual  susceptibihty  to  the 
effects  of  quinine,  quitting  the  malarious  for  a  non-malarious  locality, 
etc.  It  is  not  possible  to  formulate  any  rules  for  quinine  administra- 
tion for  three  months  that  would  cover  the  peculiarities  met  with  m  all 
patients. 

The  parasites  of  malaria,  when  they  have  once  increased  in  sufficient  numbers 
to  produce"^  malarial  fever,  are  difficult  to  get  nd  of  permanently.  One  perso^^^^^^^^^^^ 
believes  malaria  to  be  one  of  the  most  difficult  of  infective  diseases  to  eradicate. 
Nothing  short  of  a  three  months'  course  during  the  non-malanal  season,  and  a  four 
months'  course  (including  one  month's  prophylactic  use)  during  the  malmal  season 
(when  it  is  assumed  that  re-infections  are  repeatedly  occurring)  is  sufficient  for 
this  purpose. 

There  is  an  essential  difference  between  the  curative  use  of 
quinine  in  cases  of  malarial  infection,  and  that  of  its  use  as  a  prophylac- 
tic. In  the  former  case  there  are  already  hundreds  of  millions  of 
malarial  parasites  in  the  blood  ;  in  the  latter  when  successfully  carried 
out,  even  when,  as  may  be  the  case,  infection  is  continuous  and 
repeated,  the  number  of  parasites  rarely  reaches  the  proportion  of  one 
in  half  a  milllion  red  cells.  Literally,  all  use  of  quinine  in  malaria  is 
curative,  for  it  is  employed  to  kill  parasites  that  have  entered  the 
blood  through  anophelines.  The  term  prophylaxis,  as  applied  to 
quinine,  signifies  prevention  of  malarial  paroxysms  In  chronic  malarial 
infection  quinine  should  be  continued  during  the  period  parasites  are 
present  in  the  blood  and  given  in  smaller  doses  afterwards. 

Prophylaxis  by  quinine  is  now  adopted  amongst  all  troops. 
It  is  also  in  vogue  amongst  the  greater  number  of  Europeans  residing 
in  endemically  malarial  places. 

Wherever  quinine  is  being  used  prophylactically  to  bodies  of  troops 
its  use  should  be  rigidly  controlled  and  issued  directly  under  super- 
vision of  some  responsible  officer.  The  prophylactic  use  of  quinine  is 
not  as  a  rule  popular,  and  all  possible  forms  of  evasion  are  practised  by 
those  who  dislike  it.  Naturally  the  object  in  quinine  prophylaxis 
is  to  achieve  the  desired  result  of  preventing  malarial  fever  with  the 
minimum  expenditure  of  quinine  given  in  the  most  practical  way. 

Most  effective  method  of  using  quinine  prophylactically,— One's 
personal  experience  is  that  the  best  prophylactic  dose  of  quinine  during 
the  malarial  season  where  malaria  is  comparatively  mild  is  5  grains 
daily  ;  where  it  is  severe,  5  grains  daily  for  6  days  and  10  grains  on 
the  7th  day  weekly,  and  where  it  is  very  severe,  5  grains  for  6  days 
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and  15  grains  on  the  7th  day  weekly.  With  these  three  degrees 
ot  malarial  intensity  it  is  probable  that  the  results  of  10  or  15  grains 
once  a  week,  10  grains  twice  a  week,  and  15  grains  twice  a  week,  in 
the  last  two  cases  on  consecutive  days,  would  be  slightly  inferior  to 
those  recommended  above.  The  grea^t  advantage  of  the  five-grain  dose 
is  that  it  never  has  any  deleterious  effect  and  never  cinchonises. 

The  great  objection  to  the  daily  use  of  quinine  as  a  prophylactic 
to  troops  is  that  connected  with  its  administration  under  responsible 
supervision.  One  has,  however,  seen  it  carried  out  in  several  regi- 
ments without  the  least  trouble.  Tablets  are  much  more  popular  than 
solution  of  quinine. 

Whichever  method  is  adopted  it  should  be  adhered  to  consistently  ; 
that  chosen  will  of  course  be  the  one  compatible  with  all  the  local 
conditions  to  be  dealt  with,  the  amount  of  responsible  supervision  that 
can  be  given,  and  control  over  the  drug  being  important  factors.  The 
plan  to  be  adopted  having  been  chosen,  the  length  of  time  over  which 
it  is  to  be  used  should  be  fixed  and  a  definite  record  of  its  effects 
kept  up. 

The  rationale  in  tlie  effects  of  the  methods  of  administering  quinine  prophy- 
lactically  differs.  When  quinine  is  given  in  small  doses  at  frequent  and  regular 
intervals,  the  object  aimed  at  is  to  keep  always  in  the  blood  a  certain  amount  of  the 
drug,  so  that  when  parasites  are  injected  by  anophelines  they  are  rendered 
hors  de  combat.  In  this  metliod  the  minimum  quantity  of  quinine  "that  can  effect 
this  desirable  object  is  used.  The  weak  point  is  the  probability  that  the  drug  will 
be  forgotten  or  not  taken  for  some  reason  one  day  and  then  the  parasites  may  gain 
the  upper  hand  ;  when  they  have  once  got  a  foothold  in  the  blood  small  doses  may 
not  eradicate  then.  Quinine  does  not,  of  course,  prevent  malarial  parasites  gaining 
access  through  bites  of  anophelines.  Quinine  when  present  in  the  blood  in  sufficient 
quantity  simply  renders  malarial  parasites  harmless  when  they  are  injected,  by 
preventing  the  initial  spore-forming  cycles. 

In  the  large  dose  metliod,  that  of  giving  large  doses  at  intervals  of  some  days, 
the  object  is  to  have  the  drug  in  the  blood  in  such  a  degree  of  concentration 
that  malarial  parasites,  should  they  meanwhile  gain  access  and  begin  their 
spore-forming  cycle,  are  quickly  and  easily  killed,  as  they  are,  even  if  taken  at 
the  end  of  the  intervals  between  the  doses,  in  such  few  numbers  and  so  easily 
assailed  in  their  sporulating  stages  as  to  be  readily  killed.  On  the  whole  the  object 
arrived  at  is  attained  in  both  methods  in  the  same  way.  We  know  that  quinine  is 
fairly  rapidly  eliminated  from  the  system,  and  that  by  the  end  of  the  interval  in  the 
large  and  infrequent  dose  method  there  is  practically  none  in  the  blood.  In  the 
small  dose  method  there  is  always  a  certain  amount  in  the  circulation  ready. 
The  small  dose  is  the  more  ideal  way,  and  simulates  the  form  of  acquired  immunity. 
Those  who  advocate  the  live-grain  dose  daily  hold  that  by  this  method  the 
quinine  accumulates  in  the  blood  in  sufficient  quantities  to  kill  any  parasites 
reaching  it,  and  yet  not  sufficiently  to  produce  cinchonisatiou.  Further  they 
consider  that  the  curative  effects  of  quinine  when  malarial  fever  does  occur  is  not 
lessened  by  the  system  being  accustomed  to  the  smaller  doses.  It  is  to  be  remem- 
bered that  the  small  dose  methods  do  not  affect  the  occurrence  of  relapses  when 
malarial  paroxysms  have  previously  occurred. 

Quinine  not  literally  prophylactic  but  curative.— Quinine  can- 
not be  regarded  literally  as  a  prophylactic  against  malarial  infection, 
as  it  does  not,  of  course, "affect  the  entrance  of  the  parasites  into  the 
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blood,  nor  does  it  prevent  the  first  stages  of  the  development  of 
parasites  in  the  blood.  The  drug  weakens  or  kills  the  parasite  after  it 
has  infected  the  red  cells,  and  at  the  moment  the  spores  are  set  free 
from  red  cells. 

We  cannot  lay  in  a  reserve  stock  of  quinine  in  the  system  ready 
to  attack  malarial  parasites  when  they  arrive.  All  experience 
indicates  that  this  is  a  useless  waste.  Quinine  administration  during 
a  pre-epidemic  period  is  probably  little  or  no  use,  and  has  been 
abandoned  as  a  prophylactic  measure.  It  is  best  to  start  its  use  as  soon 
as  the  risk  of  malarial  infection  occurs. 

Principles  of  general  prevention  of  malaira.— The  principles 
underlying  the  general  prevention  of  malaria  are — 

(1)  That  malarial  fevers  are  due  to  a  species  of  protozoon  which 

invades  the  blood  of  man. 

(2)  That  this  protozoon  reaches  the  blood  of  man  through  some 

species  of  mosquitoes  of  the  sub-family  Anopheiina. 

(3)  That  in  these  mosquitoes  the  malarial  parasite  carries  out  the 

sexual  part  of  its  life-history,  undergoes  developmental 
changes  which  are  usually  complete  in  from  6  to  10  days,  at 
the  end  of  which  time  they  reach  the  salivary  glands  of  the 
mosquito,  whence  they  are  discharged  once  more  into  the 
blood  of  man. 

(4)  These  malaria-carrying  mosquitoes  breed  chiefly  in  terrestrial 

waters  in  tropical  and  sub-tropical  re  ions. 

(5)  That  quinine  kills  malarial  parasites. 

About  the  foregoing  statements  there  is  now  not  the  smallest 
shadow  of  doubt.  They  are  scientifically  established  data.  In  the 
preceding  pages  are  to  be  found  an  overwhelming  mass  of  evidence 
which  bears  them  out. 

In  the  present  state  of  our  knowledge  it  is  reasonable  to  make  three 
propositions:—  ^  tuicc 

(1)  Were  all  mosquitoes  exterminated  malaria  would  cease; 

(2)  Were  all  persons  protected  against  the  bites  of  mosquitoes, 

no  malarial  infection  could  arise ; 

(3)  Were  all  existing  cases  of  malarial  infection  cured  then  mala- 

rial disease  would  be  exterminated. 

ih^  ••^'^f*'  Possible  that  there  is  a  gap  in  our  knowledge,  but  for 
ignored  ^^^i^arian  such  a  possible  hiatus^  has  to  be 
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As  corollaries  to  these  three  propositions  we  have  the  following  :— 

(1)  If  mosquitoes  can  be  diminished  or  prevented  from  attacking 

man  the  chances  of  dissemination  of  malaria  are  reduced. 

(2)  If  cases  of  malarial  infection  are  lessened  in  number  the 

chances  of  communicating  the  disease  from  man  to  man  by 
anophelines  are  reduced. 

Present  preventive  measures  are  sound.— One  has  no  hesitation 
in  stating  that  our  present  recognised  methods  of  protection  against 
malaria  are  scientifically  sound,  although  in  many  places,  difficult 
to  apply.  In  the  public  prevention  of  malaria  we  should  avoid 
councils  of  perfection,  e.g.,  large  drainage  schemes,  insisting  on  the 
isolation  of  all  cases  of  malarial  fever,  wire-gauze  netting  for  doors  and 
windows,  universal  use  of  quinine  in  the  population,  etc.,  in  all  places 
indiscriminately  ;  it  is  our  duty  to  endeavour  to  do  as  much  as  possible 
in  each  direction.  We  should  employ  as  many  of  the  known  preventive 
measures  as  are  practicable  in  the  localities  concerned,  for  we  know  that 
every  individual  success  has  its  influence  for  good.  The  best  anti- 
malarial results  so  far  have  been  obtained  in  places  where  all  preventive 
measures  have  been  put  into  operation  more  or  less  simultaneously,  and 
continued  over  a  long  period.  This,  however,  has  always  been  found  to 
be  somewhat  costly.  All  public  preventive  measures  against  malaria 
necessitate  the  expenditure  of  money,  sometimes  large  sums  being 
required,  and  they  always  mean  a  great  deal  of  work  as  well  as  some  know- 
ledge of  general  hygiene.  Some  anti-mosquito  campaigns  have  erred  in 
dealing  first  with  large  or  extensive  and  difficult  projects  instead  of  the 
cheaper  and  easier  ones.  One  of  the  most  usual  causes  of  failure  of 
anti-malarial  measures  is  that  of  endeavouring  by  one  public  health 
measure  to  eradicate  malaria,  and  its  abandonment  after  it  has  been 
found  to  fail. 

The  average  malarial  intensity  of  a  locality  depends  on  many 
factors,  such  as  the  number  of  children  who  harbour  malarial  parasites, 
the  number  of  infected  anophelines,  extent  to  which  individual 
prevention  is  practised,  etc.,  so  that  the  cause  of  failure  may  not  be 
always  easy  to  ascertain.  To  ged  rid  of  malaria  in  any  particular 
locality  by  artificial  means  may  take  several  years ;  this  is  the  usual 
experience  of  the  limited  number  of  instances  in  which  it  has  been 
achieved. 

No  system  of  preventions  covers  all  places. — It  is  impossible 
to  give  the  details  of  the  measures  to  be  adopted  in  all  cases — these 
have  to  be  determined  by  local  circumstances;  in  some  places  all 
measures  may  be  adopted,  in  others  only  a  few  are  possible.  In  intensely 
malarial  areas,  in  many  cases,  do  all  we  may  and  malaria  is  not 
mitigated.    For  example,  there  are  certain  regions  such  as  the  valleys 
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of  our  large  rivers  in  India,  Burma  and  Assam,  where  breeding 
grounds  for  auopheline  larvae  are  almost  universal;  others  in  proximity 
to  extensively  irrigated  lands  under  rice  cultivation  ;  in  such  places 
anti-mosquito  measures  must  be  of  limited  use  in  the  depopulation 
of  these  insects. 

Prevention  of  Malaria  in  Cantonments. 

Importance  of  anti-malarial  measures  in  cantonments. — It  is 

impossible  to  emphasise  too  strongly  the  importance  of  auti-malarial 
measures  in  cantonments  in  India  during  peace  times.  The  vast 
majority  of  cases  of  malarial  fever  occurring  on  field  service  are  those  in 
which  initial  malarial  infection  was  acquired  in  cantonments. 

The  malaria  of  cantonments  is  to  a  large  extent  bred  in  the  human 
occupants  and  anopheline  population  of  cantonments.  One  is  aware 
of  the  fact  that  there  are  exceptional  stations  in  which  this  statement 
is  only  partially  true,  but  in  the  main  the  statement  holds  good. 

There  is  a  considerable  amount  of  malaria  amongst  native  children 
in  cantonments.  Of  3,884  children  examined  one  found  an  average  of 
60  per  cent,  with  enlarged  spleens,  and  40  per  cent,  with  malarial 
parasites  in  the  blood.  Even  in  European  troops'  children  the  spleen 
was  enlarged  in  32  per  cent. 

European  troops  are  exposed  to  malarial  iufection  in  various  ways  

through  attacks  of  anophelines  infected  by  both  European  and  native 
children,  punkah  coolies,  and  followers  generally;  by  visiting  in  the 
evening  bazaars,  coffee  shops,  soldiers'  homes,  Army  Temperance 
Association  rooms,  and  on  "  sentry  go." 

Repeated  changes  of  troops  from  malarial  to  non-malarial  places 
may  have  the  effect  of  introducing  endemic  malaria  into  the  latter,  or 
of  making  slightly  malarious  localities  highly  malarious.  There  have 
been  several  instances  of  this  in  cantonments  in  late  years. 

Relapses  can  be  prevented.  -  Relapses  occur  when  previous  infec- 
tion IS  not  eradicated  by  proper  treatment.  In  order  to  prevent  relapses 
a  prolonged  course  of  treatment  is  required.  The  course  of  quinine 
treatment  one  would  recommend  is  that  laid  down  on  p  466  All 
troops  and  followers  known  to  be  infected  by  malaria  should  be  subjected 
to  this  course  of  quinine  treatment,  or  some  modification  of  it,  for  not 
less  than  three  months.  An  occasional  dose  of  quinine  taken  irregularly 
18  not  suftcient-it  is  a  delusion  and  a  snare  to  consider  that  a  dose 
every  now  and  then  when  one  thinks  of  it  will  prevent  a  recurrence  of 
malarial  fever.  Relapses  in  soldiers  and  all  other  bodies  of  men  under 
discipline  in  this  country  can,  and  should,  be  controlled. 

onlv^s'olTe  of  H,P  mn'!'""^  fever  cases  with  quinine  for  a  week  or  two 
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in  lii3  blood.  The  real  way  to  treat  malarial  fevers  in  station  and  regimental 
hospitals  is  to  keep  the  patient  in  hospital  and  under  quinine  until  gametocyt^s 
are  no  longer  to  be  found  in  the  finger  blood.  When  this  stage  is  reached 
the  man  can  no  longer,  for  the  time  being,  communicate  malaria  to  others  through 
anopholines.  In  all  probability  gametocytes  continue  in  certain  internal  organs — 
spleen,  bone-marrow,  brain  capillaries,  etc. — long  after  they  cease  to  be  tound 
in  the  peripheral  circulation.  It  is  these  gametes,  and  some  other  unknown  phase 
in  the  life  of  the  parasite  that  require  to  be  eradicated,  and  until  this  is 
effected,  the  infected  person  is  liable  to  relapses,  that  is,  to  recurring  paroxysms 
without  re-infection. 

Admission  into  hospital  and  isolation  of  cases  of  malaria : — 

The  detection,  isolation  and  specific  treatment  of  the  infected  soldiers 
are,  as  in  other  communicable  diseases,  of  great  importance  in 
the  prevention  of  malarial  fevers.  In  most  stations  malarial 
patients  are  now  isolated  in  special  wards  and  supplied  with  mosquito 
curtains;  in  many  instances  the  whole  of  the  wards  in  hospitals  are 
made  mosquito-proof  by  wire-gauze  doors  and  windows.  All  known 
cases  of  malarial  fever  should  be  admitted  into  hospital — they 
should  not  be  "  detained  "  or  allowed  "  to  attend."  This  is  very 
necessary  in  Native  regiments  where  the  men  on  returning  to  the  lines 
infect  their  comrades  aud  frequently  get  re-infected  themselves,  there 
being  always,  in  the  malarial  season,  abundance  of  malaria-carrying 
anophelines  present  and  infected  native  children.  The  advantage  of 
remaining  in  hospital  is  emphasised  wdieu,  as  is  now  the  case  in  many 
instances,  the  hospital  is  provided  with  mosquito-proof  wire-gauze  doors 
and  windows.  When  malaria  becomes  epidemic,  and  the  hospital 
accommodation  insufficient,  the  overflow  cases  should  be  put  into  tents 
and  not  allowed  to  return  to  the  barracks  which  only  serves  to  perpetuate 
the  epidemic. 

All  soldiers  suffering  from  known  malarial  infection  should  be 
treated  with  quinine  continuously  for  at  least  three  months  after  the 
last  paroxysm.  When,  as  is  the  case  during  the  malarial  season, 
re-infection  is  liable  to  occur,  the  necessity  for  such  treatment  is 
emphasised.  Were  this  done  there  would,  I  believe,  be  very  few  cases  of 
relapses  in  the  late  winter,  spring  and  summer  months.  There  should 
in  troops  he  no  residual  malaria. 

All  oases  of  malaria  taking  quinine  curatively  should  get  their 
quinine  at  the  hospital  daily  for  three  months  ;  this  enables  the  medical 
officer  to  see  the  men  regularly. 

If  the  treatment  of  relapses  begins  after  the  malaria  season  is  over, 
a  three  montbs'  course  is,  as  a  rule,  sufficient.  The  occasional  failure 
of  even  this  lengthy  course  is  no  justification  for  its  condemnation. 
When  in  any  case  there  is  an  unusual  amount  of  residual  enlarge- 
ment of  the  spleen,  it  is  advisable  that  quinine  be  given  curatively 
for  four  months  at  least,  no  matter  what  the  period  of  the  year  is  in 
which  it  is  commenced,  and  should  the  end  of  this  course  arrive  during 
the  malarious  season,  these  cases  should,  like  all  other  men,  get  quinine 
prophylactically. 
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In  malarial  stations  in  many  cases  European  troops  during  the 
malarial  season  may  with  advantage  be  removed  into  camps  well  away 
from  native  towns  and  bazaars,  on  the  principle  of  segregation  of  the 
health]!.  The  keeping  of  European  troops  in  hill  stations  until  the 
malarial  season  is  over  is  a  measure  that  is  of  considerable  advantage 
to  eflSciency. 

The  sending  of  cases  of  malarial  infection  to  non-endemic  hill 
stations  and  to  Europe  excludes  the  possibility  of  re-infection  and,  as 
far  as  we  can  judge,  places  the  malarial  parasites  under  unfavourable 
conditions  for  multiplication.  When,  however,  this  change  is  very 
abrupt,  chills  are  liable  to  occur  and  these  by  lowering  the  resistance  of 
system  predispose  to  relapses. 

Prophylactic  issue  of  quinine— During  the  malarious  season 
quinine  should  be  issued  prophylactically  to  all  troops  and  followers 
in  cantonments. 

When  to  begin  prophylactic  issue  of  quinine — When  all  cases 
of  malaria  in  units  are  admitted,  and  such  admissions  reach  from  2-5 
to  3  per  cent.,  I  consider  the  prophylactic  issue  is  justifiable.  The 
longer  it  is  delayed  after  this  the  higher  will  the  percentage  of  fresh 
infections  become  during  the  malarial  season.  One  would  not  lay 
this  down  as  a  hard-and-fast  rule  for  adoption.  There  are  circum- 
stances when  a  prophylactic  issue  should  be  made  irrespective  of  the 
percentage  of  admission,  e.g.,  on  manoeuvres  at  the  end  of  autumn 
when  in  a  district  known  to  be  malarious,  or  in  barracks  when 
there  is  a  sudden  rise  in  the  malaria  of  the  civil  community  around. 
Nor  can  the  percentage  named  be  adopted  in  all  regiments  at  present, 
as  in  some  the  cases  of  malaria  actually  admitted  are  times  less 
tlian  those  "  detained."  Assuming  a  uniform  distribution  of  cases  in 
barracks,  any  greater  percentage  than  2-5  or  3  means  that  one  or  more 
men  in  each  barrack  room  are  infected,  and  that  through  them,  in  the 
presence  of  annphelines,  malaria  will  rapidly  spread  by  infection 
acquired  in  the  barrack.  Under  ordinary  circumstances  such  spreading 
of  malaria  does  not  occur  through  cases  in  the  barrack  room  of  European 
troop.^,  but  through  the  infected  anophelines  from  married  quarters 
and  followers'  huts  invading  barrack  rooms. 

The  effect  of  the  percentage  of  cases  of  infection  in  influencing  the 
incidence  of  malaria  may  be  seen  in  every  endemic  malaiial  district.  Wlien  the 
prophyliictic  issue  is  postponed  until  the  percentage  of  case.s  to  strength  reaches 
5,  the  effect  on  the  incidence  for  some  weeio  will  be  comparatively  insignificant. 
The  men  in  barracks  are  then  in  all  probability  infecting  one  another  through 
malaria-bearing  anophelines.  In  such  instances  the  ma.ximum  propliylnctic  dnaes^'of 
quinine  should  be  commenced  at  once,  viz.,  5  grains  daily  for  G  d«y's  and  15  grains 
on  ihe  7th  day  every  week,  or  15  grains  on  two  c msecutivo  days  weekly.  The  con- 
dition of  malaria  in  the  civil  population  is  another  useful  guide  as  the  time  to 
begin  quinine  prophylactically.  In  troops,  as  a  rule,  the  maximum  incidenLe 
occurs  later  than  it  does  in  the  civil  population  of  the  same  stations,  the  number 
of  residual  cases  of  malaria  being  greater  in  the  latter  than  in  the  inhabitants  of 
cantonments. 


60 


474 


PREVENTION  OF  DISEASE 


All  children  in  cantonments  with  enlargement  of  the  spleen  should 
get  a  three  months'  comse  of  curative  quinine  treatment,  receiving  a 
dose  daily. 

When  anti-mosquito  and  anti-larval  measures  are  impracticable 
or  hopelessly  futile,  our  methods  of  prevention  are  limited  to  the  use 
of  quinine  prophylactically,  segregation,  and  mechanical  defence 
against  mosquitoes  (mosquito  curtains)  of  healthy  and  infected  alike, 
and  complete  treatment  by  quinine  of  all  malarial  cases  to  eradicate 
the  parasite, 

Eradication  of  malaria  from  children  living  in  cantonments —In  a  recent 

report  on  miliaria  one  wrote :"  1  would  strongly  recomrceud  that  all  children  up 
to  10  years  of  age  including  those  of  European  'troops  -  living  in  cantontnents,  be 
given  quinine  cui-atively  for  a  period  of  three  months  during  the  ensuing  year.  If 
on  account  of  the  expense  all  such  children  cannot  he  given  it,  1  would  recom- 
mend that  every  child  with  enlargement  of  the  spleen  he  given  it  for  thfit  period. 
This  course  may  be  commenced  at  any  period  of  the  year.  Say  it  i-*  beguu  on  the 
Ist  January,  by  tlie  end  of  the  year  its  effects  on  the  "  malariafincidence  in  troops 
would  be  ascertained.  The  object  aimed  at  is  to  eradicate  malarial  parasites  from 
these  children  This  three  months'  treatment  would  only  be  necessary  once,  for 
altliough  there  wimld  in  succeeding  years  be  (mce  more  a  gradual  rise  from  alow 
Bpleen  rate  to  a  higher,  the  rate  of  this  rise  depending  on  the  assiduity  with 
.  which  cases  of  malaria  occurring  in  children  were  treated,  the  effects  would  last 
for  some  years  at  least.  When  the  spleen  rate  in  any  future  year  reach^-d  25  per 
cent.,  the  metliod,  in  possibly  a  more  perfected  form,  could  be  adopted  again. 

One  has  drawn  up  a  scheme  indicating  what  is  considered  the  best  general 
method  of  carrying  out  this  eradication  of  malaria  in  cantonment  children.  It  is 
possible  that  local  cu'cumstances  may  call  for  modifications  of  it.  In  all  coses  the 
details  as  to  the  methods  of  distribution  in  units  require  thought,  j\idgraentaud 
tact,  so  as  not  to  arouse  prejudice  against  the  drug.  It  is  advisable  that  medical 
officers  endeavour  to  explain  to  parents  the  advantages  of  the  use  of  quinine  to  the 
children,  and  the  objects  of  the  continuous  administration  for  the  period  of  three 
months. 

The  drug  will  have  to  be  taken  to  the  different  followers'  lines  and  regimen- 
tal bazaars  and  a  daily  parade  of  all  children  held.  This  parade  should  invariably 
include  all  children,  wliether  with  or  without  enlargement  of  the  spleen,  for  by 
this  means  any  cases  of  malarial  fever  met  with  would  be  at  once  placed  on  the  list 
of  those  to  get  a  three  months' course.  The  parents  should  not  be  relied  on  to 
administer  the  drug  to  children.  In  the  case  of  European  troops'  children,  the 
parade  for  the  inspection  and  issue  of  quinine  could  be  carried  out  at  the  more  cen- 
tral of  the  married  quarters  and  should  be  invariably  supervised  by  a  medical 
officer. 

The  method  proposed  is  as  follows  :— 

1  An  indent  for  a  throe  months'  supply  of  quinine  of  50  per  cent,  of  the  child- 
ren of  all  units,  including  those  of  followers,  should  he  submitted  takmg  the 
average  at  three  grains  a  day  for  each  child.  This  is  assuming  that  only  half  the 
children  have  enlarged  spleen  ;  in  some  cases  the  proportion  will  be  lower,  in  most 
it  will  be  higher, 

2  A  spleen  index  should  be  taken  of  all  children  in  cantonments  attached 
to  eacli  unit,  a  nominal  roll  of  those  with  enlargement  of  the  spleen  be_ing  made 
at  the  same  time.  This  should  be  taken  by  the  medical  officer  in  charge  of  the  unit. 
From  this  the  actual  amount  of  quinine  required  would  be  made  known.  Say  there 
were  150  children,  including  tho-se  of  followers  and  combatants  ;  this  would  me^ui 
that  about  half  an  ounce  of  quinine  a  day,  and  roughly  three  pounds  for  S  montns, 
•would  be  required. 
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/3  ArecimPiital  order  should  be  p.iWished  iu  units  that  a«  children  are  to 
mrude\iailvTa  particular  time  a,ul  place,  and  thiit  all  child.ea  with  enlargement 
orthe  spleeror  malarial  fever  are  to  be  treated  for  thre.  months,  receiving  a  dose 
of  quinine  daily. 

The  nominal  roll,  which  would  give  the  ages,  informs  the  m.dical  ofHcer  as 
to  the  number  of  half  grain  and  one  grain  powders,  or  the  amount  of  mixture 
required  ^r  children  up  to  two  year«.  For  those  over  two  years  pills  or  tablets  can 
be  administered.    The  dosage  would  be  — 


Years  of  age 

Under  1 

1 

2 

3  to  5 

7 

10 

Dose  in  grains 

i 

1 

n 

2 

3 

6 

4.  In  the  case  of  native  units  the  administration  should  be  earned  out  by  the 
medical  officer  and  the  sub-assistant  surgeon  With  European  troops,  by  the 
medical  officer  attached  to  the  unit  and  an  assistant  surgeon,  or  the  sub-assistant 
surgeon,  doing  duty  with  the  cantonment  hospital.  In  large  cantonments,  a 
sub-assistant  surgeon  on  special  duty  could  carry  this  out  under  a  medical  officer. 

5.  At  each  distribution  the  nominal  roll  would  be  called  and  the  name  of  eaci 
child  on  the  roll,  as  it  gets  its  dose,  be  ticked  off. 

6.  I  would  also  recommend  that  this  quinine  treatment  of  all  children  with 
enlarged  spleen  be  supplemented  by  the  use  of  an  application  of  the  red  iodide 
of  mercury  ointment  of  the  British  Pharmacopoeia,  made  with  simple  ointment 
from  bazar  ingredients.  It  is  cheap,  and  such  an  application  would  appeal  to  the 
parents  and  give  confidence  in  the  whole  course  of  treatment,  the  mothers  could 
apply  it  to  the  children  or  the  latter  to  one  another.  A  brief  monthly  report  of  the 
progress  of  the  work  and  its  effects  would  be  forwarded  by  medical  officers  of  units 
to  the  senior  medical  officer,  and  at  the  end  of  the  three  mouths,  a  more  detailed 
statement  would  be  suhmitted  showing  the  amount  of  quinine  and  ointment  used, 
the  effects  on  the  incidence  of  malarial  fevers  and  on  enlargement  of  the  spleens 
in  the  children. 

It  would  probably  be  difficult  to  obtain  a  sufficient  number  of  one  grain 
tablets,  hence  for  smaller  children  pills,  powders,  or  mixture  will  be  required. 
Vor  infants  quinine  solution  is  the  most  conveuiunt,  in  the  proportion  of  one  grain 
to  two  drachms  of  water. 

I  consider  this  curative  treatment  of  all  children  living  in  cantonments  by 
quinine  for  at  least  three  mouths,  that  is,  daily  dosage  according  to  age  for  this 
period,  and  subsequently  during  the  malarious  season  the  use  of  quiuiue  prophylac- 
tically,  to  be  urgently  necessary  The  object  aimed  at  is  tlie  eradication  of 
malarial  parasites  from  that  portion  of  the  cantonment  population  mainly  harbouring 
them,  and  through  whom,  with  the  aid  of  malaria-carrj'ing  auophelines,  malarial 
infection  is  to  a  large  extent  maintained  in  our  troops. 

One  is  confident  that  if  rigidly  carried  out  in  its  integrity  under  responsible 
supervision,  its  degree  of  success  will  be  considerable,  and  that,  if  even  partially 
carried  out,  it  will  effect  a  marked  reduction  of  the  malarial  incidence  in  troops. 

Mosquito  nets  and  mosquito-proof  doors  and  windows. — In  the 

case  ot  European  soldiers  in  barracks  located  close  to  native  quarters 
and  the  breeding  grounds  of  anophelines,  when  these  latter  places  on 
account  of  the  expense  or  for  other  reasons  cannot  be  abolished,  it  is 
probable  that  the  best  metliod  of  prevention  is  that  of  providing  wire- 
gauze  mosquito-proof  doors  and  windows,  or  mosquito  nets  for  beds, 
and  the  regular  prophylactic  use  of  quinine  during  the  malarial  season. 
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The  objection  made  to  mosquito  nets  is  that  during  the  hot 
summer  nights  tliey  are  warm  inside  and  close  out  the  wind.  This 
objection  may  be  overcome  by  allowing  the  men,  after  the  monsoons 
have  set  in  and  the  great  summer  heat  subsided,  to  sleep  in  tents,  located 
at  least  half  a  mile  from  any  source  of  malarial  infection.  This  is  a 
compromise  on  the  method  of  segregation  of  the  healthy  from  those 
infected.  In  most  parts  of  India  as  the  hottest  months  are  not  the  most 
malarious,  and  the  nights  are  comparatively  cool,  this  objection  to 
mosquito  nets  does  not  hold  good.  In  all  probability  if  mosquito  nets 
were  issued  to  all  soldiers  free,  they  would  be  used  and  malarial  fevers 
considerably  reduced  in  the  Army.  When  so  issued  their  proper  use  and 
care  should  be  made  a  matter  of  discipline.  Vrom  personal  experience 
one  knows  that  soldiers  willingly  and  intelligently  use  mosquito  curtains 
provided.  Many  soldiers  in  different  stations  buy  their  own  mosquito 
nets,  in  other  stations  this  purchase  is  aided  by  regimental  or  institute 
funds.  Hence  it  cannot  be  stated  that  heat  prevents  the  use  of  mosquito 
nets.  Nets  are  specially  necessary  for  European  troops  when  quartered 
in  forts  and  other  localities  in  the  midst  of  native  towns  and  cities, 
where  auti-mosquito  measures  are  impracticable.  This  is  the  case  in 
such  places  as  the  forts  in  Delhi,  Agra,  Fatebgarh,  Lahore,  Ferozepore, 
etc.  In  such  cases  it  is  also  very  necessary  to  change  the  fort  garrison 
as  repeatedly  as  practicable— once  a  month  at  least. 

The  introduction  of  mosquito-proof  wire-gauze  doors  and  windows 
for  barracks  in  malarious  stations  is  considered  by  some  experts  to  be 
one  of  the  most  economical  ways  of  reducing  the  admission  rate  for 
malaria  in  European  troops  in  this  country. 

Punkahs  are  used  in  all  European  barracks  and  help  to  keup  off  mosquitoes, 
but  they  are  certainly  not  a  reliable  protection  against  mosquito  bites.  In  many 
stations  in  the  United  Provinces  and  Punjab,  such  as  Meerut,  Delhi,  Peshawar, 
Rawalpindi,  etc,  punkahs  are  stopped  before  the  end  of  the  anopheline  season  on 
account  of  the  cold  nights. 

Rational  hygienic  living"  as  an  aid  to  prevention  of  malaria- — 

To  maintain  good  health,  however,  in  malarious  stations,  all  other 
precautions  as  regards  personal  hygiene  are  to  be  adopted,  temperance 
in  eating  and  drinking,  abundance  of  healthy  exercise,  good  and  whole- 
some food,  protection  from  chills,  etc. 

No  matter  what  form  of  mechanical  protection  is  provided,  one 
would  emphasise  the  necessity  of  continuing  such  minor  works  as  can 
be  carried  out  by  mosquito  brigades,  especially  the  abolishment  of  all 
small  breeding  places  of  mosquitoes,  filling  up  hollows  and  borrow-pits, 
draining  off  small  collections  of  water,  grading  ditches  and  keeping 
them  clear  of  weeds,  oiling  pools  that  cannot  be  removed,  etc.  This 
work  should  be  in  the  hands  of  the  cantonment  committee  and  super- 
intended by  the  sanitary  officer  of  the  station  under  the  orders  of  the 
senior  medical  ofiBcer.  Anti-mosquito  measures  are  in  many  stations 
regarded  as  impracticable  owing  to  the  difficulties  of  dealing  with 
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rice  fields,  irrigation  canals,  and  other  large  masses  of  water  in  and 
around  cantonments.  In  some  cases  the  effects  of  cantonment  autho- 
rities are  rendered  futile  because  the  breeding  grounds  of  mosquitoes 
are  near  cantonments  and  under  the  jurisdiction  of  civil  municipal 
commissioners  who  will  not  co-operate. 

Main  anti-mosquito  measures  for  cantonments.— The  chief 
anti-mosquito  measures  required  in  cantonments  are  included  in — 
rouo-h  canalisation  of  rivers,  streams,  irrigation  canals  and  water- 
courses generally  ;  levelling,  grading  and  embanking  of  rain-water 
channels,  ditches  and  roadside  drains ;  filling  up  of  tanks,  borrow- 
pits,  excavations  and  depressions  generally ;  covering  of  disused 
wells  ;  covering,  or  periodical  emptying,  or  kerosining  water  cisterns  ; 
filling  up  excavations  for  bullock  runs ;  kerosining  twice  a  week  all 
small  collections  of  water  that  cannot  be  abolished ;  prevention  of 
excavations  for  building  purposes  within  1 ,000  yards  of  cantonments  ; 
removal  of  brick  factories  to  1,000  yards  at  least  of  cantonment  limits  ; 
and  disuse  of  grass  farms  within  500  yards  of  barracks  when  these  are 
near  the  breeding  grounds  of  anophelines.  One  would  further  refer 
to  a  few  of  these  measures  that  appear  to  be  of  special  importance. 

Rough  canalisation  of  streams —  Where  rivers  run  along  cantonments,  it  is 
possible  by  proper  embankmenus  and  regulation  of  the  bed  during  the  seasons  of 
low  water  to  conniderably  lessen  the  facilities  for  the  breeding  of  anophelines. 
One  is  constantly  reading  in  reports  that  because  a  river  or  a  large  irrigation 
channel  is  on  the  confines  of  cantonments  and  towns,  it  is  useless  to  make  any  effort 
to  reduce  anophelines.  This  policy  of  allowing  things  to  continue  in  the  old  way 
is  one  that  is  responsible  for  much  of  the  inactivity  displayed  in  regard  to- anti- 
mosquito  measures. 

Irrigation  channels —Where  irrigation  channels  run  along  cantonments  with 
various  branches  through  regimental  lines,  as  at  Peshawar,  Mardan,  and  many 
other  places  iu  the  Punjab,  soinethmg  can  be  done  by  (I)  placing  automatically 
acting  droppers  containing  kerosine  oil  at  the  head  channel  ;  (2/  grading  and  level- 
ling the  channel  so  as  to  maintain  a  flow  of  at  least  2|  feet  per  second ;  (3)  and 
clearing  them  of  all  grass  and  weeds  periodically.  Weeds"" and  grass  may  be  preven- 
ted by  a  similar  automatically  acting  dropper  containing  a  solution  of  sulphate  of 
copper  (strength  1  lb.  to  10  gallons  of  water).  Where  the  cantonment  can  afford  it, 
these  channels  should  he  made  pukka ;  where  not,  then  the  men  operating  as 
mosquito  gangs  can  keep  it  level,  and  by  rough  canalisation  and  proper  grading 
maintain  a  uniform  flow. 

Brick  factories.  — No  brick  factory  should  be  allowed  within  1,000  yards  of 
cantonments.  The  making  of  barracks  for  native  troops  and  followers  with  MwMa 
bricks  joined  by  cement  would  do  away  with  the  excavations  now  created  bv  the 
use  of  mud  walls  and  sun-dried  bricks.  The  initial  cost  would  be  greater  but 
the  outlay  is  justified  from  many  points  of  view. 

Borrow-pits.-  The  creation  of  borrow-pits  or  excavating  the  surface  soil  for 
any  purpose  whatsoever  should  be  strictly  prohibited  within  1,000  yards  of  canton- 
ments. Ihe  construction  of  barracks  should  not  be  considered  complete  until 
every  excavation  creati'd  within  l.OUO  yards  during  such  constructiou  has  been 
miea  up  and  properly  levelled. 

Rice  cultivation.— Rice  cultivation  should  not  be  carried  ou 
within  a  mile  of  cantonments. 
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Thatch  roofs  foster  mosquitoes. -Thatch  ehonld  not  be  used  for  the  use  of 
Native  troops  or  followers'  barriicks.  Thatch  roofs'  harbour  mosquitoes  during 
the  malarious  season,  and  also  serve  as  places  in  .which  they  may  either 
hibernate  or  lestivate  during  the  non-breeding  seasons,  thut  is,  winter  and' summer. 
Tiles  are  preferable.  Mosquitoes  cannot  stand  the  heat  attained  by  these  during 
the  summer.  During,  and  for  a  time  after,  the  rainy  season  it  is  much  easier  to 
capture  anophelines  in  a  thatched  house  than  in  any  other. 

Mosquito  gangs  in  cantonments.— The  mosquito  gangs  of  can- 
tonments are  chiefly  employed  in  kerosining  large  and  small  collections 
of  surface  water,  disused  wells,  garden  cisterns,  and  fire  buckets. 
Kerosining  large  bodies  of  water  is  a  useless  waste.  The  sphere  of 
usefulness  of  mosquito  gangs  can  be  considerably  extended.  Import- 
ant parts  of  their  real  duties  are — filling  up  small  and  medium-sized 
borrow-pits,  holes,  excavations  and  depressions  in  the  ground  generally, 
including  the  shallower  parts  of  large  tanks  ;  collecting  old  pots  and 
pans,  broken  and  discarded  chatties,  broken  bottles,  and  anything  in 
which  water  may  collect;  removing  grass  and  weeds  from  roadside 
and  other  drains  and  ditches ;  levelling  the  beds  of  large  and  small 
kCltcha  roadside  drains  and  ditches,  and  collecting  anopheline  larvae. 
This  work  should  be  carried  out  systematically,  the  labour  fairly 
divided  amongst  the  men,  regularly  supervised  by  some  responsible 
cantonment  authority,  such  as  the  cantonment  magistrate,  canton- 
ment sanitary  inspector,  sanitary  ofScer,  senior  medical  officer  and  other 
member  of  the  cantonment  staff.  These  officials  should  be  acquainted 
with  all  possible  breeding  grounds  of  anophelines  in  the  station  and 
allot  tasks  to  the  mosquito  gangs. 

Another  use  of  mosquito  gangs  is  that  they  keep  officers  and  all 
ranks  interested  in  the  work  of  mosquito  reduction  in  their  compounds 
and  barracks  and  in  anti-malarial  measures  generally.  The  success 
achieved  also  indicates  how  readily  and  inexpensively  anti-mosquito 
measures  on  a  small  scale  can  be  carried  out  in  private  bungalows. 

In  a  mosquito  gang  of  three  men,  one  should  be  provided  with  a 
pick,  another  with  a  shovel,  the  third  carrying  thelarvicide  used,  as  well 
as  wide-mouthed  bottles  for  anopheline  larvse,  when  collecting  these  latter. 
These  bottles  should  be  ready  labelled,  and  one  of  the  three  men  should 
be  able  to  write  in  vernacular  where  the  anopheline  larvae  were  found. 
The  more  useful  and  intelligent  of  the  three  should  be  the  headman, 
who  keeps  the  gang  at  work  and  does  the  same  work  as  the  others,  him- 
self getting,  say,  one  rupee  a  month  more  pay.  All  larvse  collected 
should  be  examined,  in  large  stations  by  the  medical  officer  in  charge 
of  the  station  laboratory,  in  small  stations  by  the  sanitary  officer  on 
duty  or  by  medical  officers  of  units. 

Mosauito  Inspectors.-Oue  would  recommend  that  for  a  year  or  so  each 

°eaS  c°  . tef  0  ..™  jra  o  sub-i.sistLt  s„rgeoas,  and.  .Ithoueh  "^""''"kS- 
„S»M  ia  l»?Be  oantoomenM  be  »n  eoonomicl  measure  in  the  long  nm.   In  th,3 
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case  the  duties  could  be  considerably  extended  aud  ^'^^'.^  f  ,  *f,';'|!°^'^^Ji 
would  ferret  out  every  breoding  place  of  anopheliues,  identify  all  larvae 
caught,  capture  adult  anophelines  in  native  q.iarters  of  cnntontnents  anu  m  the 
neilhbourhood  of  cantonments,  carry  out  blood  examinations,  spleen  indicns,  and 
thus  localise  the  malaria  in  existence.  The  same  men  could  as  part  of  their  duty 
issue  auinine  to  all  native  children  in  cantonmeuts  and  keep  registers  ot  these 
cases  To  be  of  special  use,  however,  the  initial  training  of  sub-assistant  surgeons 
in  these  duties  should  be  sound  so  as  to  make  them  conversant  in  a  practical  way 
with  problems  associated  with  the  prevention  of  malaria.  It  would  be  easy  to 
arrange  to  hold  a  class  lor  this  training  during  the  anopheline  season  in  some 
lar^e  central  malarious  station,  Such  trainiug  would  embrace  the  identification 
of  the  different  species  of  anophelines  of  this  country,  their  larvae  and  eggs, 
methods  of  capture  of  winged  anophelines,  breeding  out  of  anophelines  from  ova, 
demonstratiODS  regarding  the  breeding  places  of  anophelines,  diagnosis  of  malarial 
parasites  in  fresh  and  stained  bloods,  metho'^s  of  staining,  the  diagnosis  of  malarial 
fevers  clinically,  the  action  of  quinine,  the  method  in  which  it  is  used  curatively 
in  malarial  fevers  and  prophy lactically.  The  materials  for  such  instructions  are 
to  be  found  in  all  malarious  stations  during  the  malarious  season. 

With  the  progressive  decrease  of  breeding  places  of  anophelines  in 
and  around  cantonments  there  will,  I  believe,  be  a  corresponding  reduc- 
tion in  the  amount  of  quinine  that  will  be  necessary  for  curative  and 
prophylactic  purposes  in  garrisons,  and  the  amount  of  labour  required 
to  keep  down  the  number  of  breeding  places  will  become  yearly  less. 

Prevention  measures  against  malaria  in  cantonments  should  be  independent 
of  the  measures  adopted  by  the  civil  community.  In  the  case  of  a  regiment,  com- 
pany, troop  or  battery  living  in  quarters  located  near  native  bazaars  in  civil  lines 
and  close  to  numerous  breeding  places  of  anophelines  in  such  lines,  anti-malarial 
rneasures  to  be  successful  must  be  independently  carried  out.  This  is  a  question 
affecting  the  anii  malarial  and  anti-mosquito  measures  of  almost  every  large  canton- 
ment in  India. 

Malaria  in  the  Army  in  India  is  usually  mild.— In  military  life  in  India, 
except  in  a  few  st.itions,  we  do  not  see  the  more  virulent  effects  of  malaria,  nor 
the  results  of  chronic  and  repeated  malarial  infection  such  as  one  meets  in  villages 
in  endemic  malarial  districts,  because  amongst  our  troops  severe  malarial  infection 
is  at  once  brought  under  treatment,  and  relapses  and  re-infection  are.  to  a  certain 


of  the  country 

Malaria  imported  by  returning  furlough  men.— lu  the  questions  of  the 
general  epidemiology  aud  prevention,  the  amount  of  malaria  met  with  amongst  our 
European  troops  in  India  is  comparatively  infinitesimal,  aud  the  number  of  such 
troops  that  acquire  malaria  from  one  another  through  anophelines  is  probably  small 
The  same  cannot,  however,  be  stated  of  our  Native  Army  While  the  latter  occupy 
our  barracks,  even  in  stations  that  are  endemically  malarious,  we  should,  by  all 
the  measures  at  our  disposal,  be  able  to  prevent  malarial  infection  becoming  wide- 
spread. This  does  not  hold  good  with  those  who  leave  their  regiments  to  go  on 
turlough  yearly.  Each  native  regiment  is  allowed  to  send  15  to  4()  per  cent,  of  men 
to  their  homes  for  several  mouths  every  year.  They  either  in  going  and  comincr 
trom  their  homes  have  to  pass  through  intensely  malarial  zones  as  occurs  with 
tne  troops  of  all  our  Gurkha  regiments),  or  their  homes  are  situated  in  endemically 
malarial  places,  which  is  the  rule.  The  same  holds  good  with  all  recruiting  parties 
going  to  and  returning  from  these  places,  aud  with  recruits  coming  from  them 
ine  return  of  these  men  (except  in  non-anopheliue  hill  stations),  serves  to  disseml- 
nate  malaria  amongst  other  men  of  the  corps  through  anophelines,  and  where  there 
are  liuropean  troops  in  the  slatinn,  piobably  to  these  also.  The  obvious  remedy  hero 

n™l?T        '°  ^°  'f -^'"^'^  ''"""^^  ""l-V  tli'^  MOn-malaria,l  season  and  to  carry 

this  season  also  ;  or  to  provide  them  with  sufficient  quinine  to  be 
used  prophylactically  throughout  the  period  they  are  on  leave  or  on  du  y  When 
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quinine  is  thus  provided  full  instruction  should  bo  given  us  to  how  it  is  to  be  taken, 
and  if  it  is  found  that  it.  is  not  used,  tliis  nhnuld  be  dealt  with  as  a  disciplinary 
njeasure.  My  persnn.d  experience  of  the  use  of  quinine  in  tiiis  way  is  that  it  is  very 
unsatisfactory  and  only  influences  tlie  miliaria  to  a  small  extent.  It  is  better  to 
examine  all  returning  furlough  men  for  malaria  and  treat  all  cases  of  infection  found 
with  quinine  for  three  months. 

Medical  inspection  of  troops  and  followers  before  going  on  field 
service. — By  regulation  every  regiment  must  be  medically  inspected 
as  to  its  physical  fitness  before  going  on  service.  The  medical  history 
of  regiments  should  be  examined  as  regards  malaria.  All  men  with  a 
strong  malarious  history  should  be  rejected,  not  only  on  account  of 
their  being  temporarily  "  unfit,"  but  because  in  the  presence  of  anophe- 
lines,  they  are  a  source  of  infection  toothers.  All  followers  must  also 
be  examined.  They  are  much  more  likely  to  be  infected  than  the 
troops  as  many  of  them  live  in  bazaars.  Previous  residence  in  the  hills 
is  a  point  in  favour  of  sending  a  regiment  on  a  campaign.  One  could 
quote  numerous  instances  from  the  records  of  campaigns  in  the  Indian 
Empire,  where  the  advantages  of  this  were  demonstrated.  Campaigns, 
marches,  or  journeys  through  malarious  districts  should,  when  practi- 
cable, be^  undertaken  during  the  known  non-malarious  months, 
A  large  number  of  tlie  permanently  estabhshed  camping  grounds 
on  the  main  roads  between  stations  are  located  adjacent  to  native  vil- 
lages, and  are  therefore,  for  reasons  already  stated,  sources  of  infection 
to  troops  occupying  them  during  the  anopheliae  season.  Most  of 
these  camps  were  fixed  upon  antecedent  to  the  establishment  of  the 
mosquito-malaria  hypothesis.  Camps  thus  located  are  convenient  as 
regards  water  and  supplies  generally,  but  we  should  be  aware  of  the 
risks  when  locating  troops  in  them  Quinine  prophylaxis  is  often 
required  under  this  circumstance.  One  can  recall  instances  of  the 
ordinary  selected  regular  camping  grounds  for  troops  on  the  march 
from  one  station  to  another  where  these  conditions  prevailed  and  which 
accounted  for  most  of  the  cases  of  malaria  occurring  among  the  soldiers. 

Prophylactic  issue  of  quinine  on  field  service  —If  the  malarious 
tract  covers  more  than  one  day's  march,  a  prophylactic  ration  of  5  grains 
of  quinine  should  be  given  every  evening,  beginning  on  the  evening 
of  the  day  of  the  first  march  So  long  as  the  force  continues  in  the 
malarious  region,  this  prophylactic  ration  of  quinine  must  be  continued. 
It  may,  in  some  very  malarious  places,  be  necessary  to  give  10  grains 
daily. 

Tablet'*  are  more  popular  than  mixture  and,  all  things  considered,  are  the 
most  practicable  method  of  using  quinine  on  field  service.  It  is  specially  necessary 
That  the  men  should  have  a  meal  of  coffee  or  tea  and  some  solid  food  each 
niornine  before  marching.  When  a  malarious  country  has  to  be  marched  through, 
SXck  of  qS^uine  for  prophylactic  use  should  be  supplied  to  regimental  hospi- 
L     field  Ltit  .^^^^^^  depots.    In  reputed  y  '^>^^'-^\ZUZfT.l 

the  force  should  avoid,  when  possible,  camping  in  the  neighbourhood  of  villages 
and  towns-the  youthful  population  of  such  places  and  many  of  the  adults  are  in- 
fected with  mahni..  Anophelines  of  the  malaria-bearing  spec.es  are  necessarily 
Present  and Tf  o  r  U  '^"^^  °^  flight  troops  must  gel  mfected 

FrsS^'pTaces  the  local  residents  should  be  excluded  from  camps,  and  our  men 
prohibited  from  entering  the  Tillages  or  towns. 
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Latent  malarial  infection  always  with  tlie  force —111  tiiking  tlje  fit^ld  it 
m-.v  l)t!  biiiii  ih:it,  as  ir.  tlu  easo  <>(  typhoid  Fever,  "e  have  always  a  certain  number 
ol  cases  of  malarial  infection  in  the 'force,  wlio,  iu  the  presejice  of  mahu  ia-lK-.-iring 
MUdphelines,  are  a  source  of  danger  to  others.  This  arises  partly  from  the  way  in 
which  we  treat  cases  of  malarial  fever  in  the  Army  in  India.  The  ideal  way  of 
treatment  in  a  regimental  hospital  would  be  the  complete  isolation  of  niiilariai 
fe v.: r  cases  from  others  by  day  and  night  in  mosquito-proof  wards,  the  adminis- 
tration of  quinine,  and  its  continuance  until  all  the  gametocytes  have  disappeared 
from  the  linger  blood. 

I  would  recommend  that,  in  every  cantonment  printed  leaflets  be 
distributed  and  placarded  in  English  and  the  local  vernaculars  giving 
a  brief  and  simple  account  of  the  essential  causes  of  malaria,  slating 
tliat  it  is  due  to  malarial  parasites  in  tlie  blood,  that  these  parasites 
are  conveyed  from  man  to  man  by  certain  kind  of  mosquitoes,  that  tiiese 
mosquitoes  breed  in  water,  and  tliat  quinine  kills  the  parasites  iu  the 
blood.  The  leaflets  sbould  contain  sketches  of  normal  red  blood  cells 
(p.  148),  red  cells  infected  by  malarial  parasites  (pp.  457,  458),  adult 
anopheiine  and  culicine  mosquitoes  (p.  451),  anopbeliue  and  culicine 
larvae  in  water  (p.  450),  and  a  few  words  as  to  how  to  distinguiv«li  the 
winged  insects  and  their  larvae. 

The  following  is  a  sample  leaflet  which  one  suggests  for  universal 
distribution  and  placarding  in  English  and  the  local  vernacular.s  in 
cantonments. 


Causks  AND  Prevention  of  Malaria. 

Malarial  fever  is  due  to  parasites  in  the  blood.  There  are  two  kinds  of  cells 
iu  the  blood,  red  and  white.    Malarial  parasites  attack  the  red  cells. 

These  parasites  are  carried  from  man  to  man  by  certain  kinds  of  mosquitoes  ; 
the  two  chief  kinds  of  mosquitoes  are  called  Amphtlines  and  Cuhcines.  Aiiophe- 
li  ues  are  the  malaria-carriers.  Ar.optieliues  when  resting  on  a  wall  hold  their  l  odies 
at  an  angle  to  it,  the  head,  the  proboscis  (the  biting  month-pai  ts  of  a  mosquito)  i.nd 
the  body  are  iu  a  straight  line,  and  the  insect  looks  like  a  small  thorn  stuck  slaiitinw 
in  the  wall.  Culicines  rest  with  their  bodies  parallel  with  the  wall  and  appear  a's 
if  hunchbacked  In  anophelines  the  colour  is  light  or  dark  brown,  in  culicines 
grey,  brown,  or  black  with  white  bands  or  markings.  In  anophelines  the  wings  are 
spotted,  in  culicines  the  wings  are  plain. 

Anophelines,  like  all  mosquitoes,  breed  in  water.  In  water  they  lay  eggs,  the 
eggs  hatch,  and  larvoe  are  set  free.  The  eggs  of  anophelines  can  oniy  j  ust  he 'seen 
in  water  in  which  they  fluat  singly;  the  eggs  of  most  culicines  occur  as  little  boat- 
shaped  masses,  those  of  others  float  singly. 

The  larvfe  of  anopheiine:  are  the  young  forms  that  live  in  vvater.  They  are 
easily  known  by  their  lying  flat  Just  under  the  surface  of  the  water,  and  by  their 
moving  backwards  in  jerks  ;  culicines  hang  in  water  head  downwards  from  a  l„ncr 
breathing  tube,  and  move  forward  with  a  wriggling  motion.  ° 

About  a  fortnight  after  the  eggs  of  anophelines  are  laid  full  grown  mosquitoes 
are  torrned  and  fly  away.  If  barracks,  houses  or  huts  are  near,  they  enter  ami  feed 
on  miin  s  b!ood.  If  the  blood  contains  malarial  parasites  these  undergo  chanoes  in 
mTurial  f^rer"'^     '^''^^^  ^  ^'^^'^  a  healthy  person,  that  person"  gets 

Anophelines  may  breed  in  any  collection  of  water  in  barracks,  houses  cools  ■ 
outside  barracks  and  houses,  in  cisterns,  drains,  tanks,  wells,  canals,  streams  river, 
and  water  channels  of  all  kinds.  Henc^  it  is  very  important  to  prevent  mosquitoe^ 
getting  at  the  water  in  or  near  houses  by  keeping  water  vessels  covered,  and  to  prevent 
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water  collecting  near  houses  ;  any  unnecessary  articles  tliat  can  hold  water,  such  as 
old  broken  chattiea,  kerosine  oil  tins,  broken  Lotties,  etc.,  should  be  cleared  away 
from  barracks,  houses  and  huts.  All  pools  of  stagnant  water  near  barracks,  houses 
and  huts  should  be  abolished  by  filling  up  the  holes  in  which  ihoy  occur.  AVhen 
pools  cannot  be  filled  up.  u  little  kerosine  oil  (about  an  ounce  or  half  a  chittaci:  for 
a  square  yard  of  surface)  should  be  thrown  on  the  surface  of  the  water  once  or 
twice  a  week  ;  this  kills  all  mosquito  larvas.  It  is  wise  to  try  and  kill  all  mos- 
quitoes found  in  houses. 

Quinine  kills  any  malarial  parasites  that  get  into  the  blood.  A  small  dose  of 
quinine  every  day  prevents  malarial  fever  altogether  ;  when  malarial  fever  occurs 
large  doses  cure  it,  but  to  completely  kill  all  the  parasites  in  the  blood  it  is  necessary 
to  take  aldose  daily  for  three  mouths.  iNearly  all  children  have  malarial  parasites 
in  their  blood,  and  most  children  have  also  enlargement  of  the  spleen  due  to  these 
parasites.  All  children  who  get  malarial  fever,  and  all  who  have  enlargement 
of  the  spleen  should  be  given  quinine  every  day  for  three  months.  This  will 
completely  cure  them  of  malaria. 

During  the  malarious  season  every  one  should  take  quiuine  regularly  to 
prevent  malarial  fever,  " 

Kala-Azae  ok  Tropical  Spleno-megaly. 

Synonyms.— D urn  Dum  Fever— Black  Fever— Kala  Dukh— Tropical  Cachexial 
Fever. 

This  disease  occurs  epidemically  in  Assam,  and  endemically  in  several  parts 
of  India,  Ceylon  and  Burma  ;  it  is  met  with  along  the  foot  of  the  Garo  Hills,  in  and 
near  Calcutta,  Madras,  and  along  the  Eastern  Himalayan  Terai.  Kala-azar  is  now 
known  to  be  more  widespread  in, India  than  was  formerly  conceived,  and  each  year 
we  find  cases  represented  in  both  the  European  and  Native  Army.  In  some  stations 
CDum  Dum,  Dehra  Dun,  etc.;  it  is  said  to  be  endemic. 

It  is  a  chi-onic,  specific,  infectious,  parasitic  diseaise,  arising  from  infection  of 
certuin  internal  organs  (spleen,  liver,  lymphatic  glands,  bloodvessels  and  blood) 
with  what  are  known  as  Leishman-Donovau  bodies  (which  are  small  animal  para- 
sites), and  is  characterised  by  general  enlargement  of  the  &pleeu  and  liver,  irregu- 
lar intermittent  fever,  aniemia,  a  progressive  and  peculiar  cachexia,  associated 
With  darkening  of  the  complexion,  s-weatiug  at  night,  diarrhoea  or  dysenteric 
symptoms,  witb  ulceration  of  the  bowels  and  sloughing  of  the  mouth  or  other 
parts.  This  disease  is  very  like  malarial  fever  at  the  beginning  without  malarial 
parasites  in  the  blood,  and  it  is  like  malarial  cachexia  in  the  end.  The  association 
of  the  Leishmau-Pouovau  body  with  a  clinical  condition  very  similar  to  that  of 
malarial  cachexia  has  necessitated  a  closer  investigation  into  the  two  groups  of 
similar  cast-s,  and  the  outcome  of  all  recent  observations  is  the  conclusion  that  a 
.certain  number  of  cases  formerly  called  malarial  cachexia  were  in  reality  kala-azar. 
The  parasite  which  causes  the  disease  can  readily  be  seen  under  the  microscope 
in  stained  preparations  of  the  blood  from  the  spleen  or  liver,  and  sometimes  from 
the  blood  taken  from  the  finger. 

All  evidence  at  our  disposal  at  present  appears  lo  indicate  that  kala-azar 
is  caused  by  Leishmania  donovani,  and  that  it  is  in  all  probability  spread  by  some 
insect. 

Captain  Patton,  I.M.S.',  has  shown  that  the  parasite  of  kala-azar  may  in  many- 
cases  be  recovered  from  centrifugalised  blood,  by  which  jjrocess  the  leucocytes  con- 
taining the  parasite  may  readily  be  isolated,  stained  and  examined  as  ordinary  smears, 
Kala-a°  ar-  appears  to  attach  itself  to  houses  audmay  be  considered  a  domestic  disease, 
which  favours  the  view  that  it  is  communicated  to  man  through  some  insect.  So  far 
no  treatment  has  been  of  any  a\ail.  These  parasites  are  entirely  intra-cellidar  and 
are  found  chiefly  in  the  larger  mononuclear  leucocytes  (p.  150)  on  smears  and  in  the 
endothetical  cells  of  the  vessels  of  the  liver  and  spleen  post-mortem.  The  parasite 
as  seen  in  the  spleen,  bone-marrow,  and  in  advanced  c.ises  in  the  finger  blood,  is 
a  round  or  oval  body  about  ^  to -^V  the  size  of  a  red  corpuscle;  it  has  two  small 
bodies  in  it  which  stain  deeply  with  the  usual  stain  for  malarial  parasites,  and 
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surrounding  these,  a  boily-protoplasm  containiug  vacuoles.  The  bone-marrow 
cells  contain  many  parasites,  the  yellow  marrow  in  the  shafts  of  long  bones  is 
converted  into  red  marrow,  and  is  much  decreased  in  consistency.  These  parasites 
have  a  large  and  a  small  nucleus  not  unlike  the  micronucieus  and  macronucleus  of  a 
typ.inosome  ;  and  ihoy  have  been  cultivated  in  vitro  in  citrated  blood  by  Lieut.-Col. 
Leonard  RoGEns.  I.Al.S..  and  develop  into  flagellated  organisms  which  have  most  of 
tlie  characters  of  heri)etomouads  :  their  development  into  the  herpetomonad  form  has 
been  followed  in  the  stomach  of  the  bed-bug  {Cime.v  rotundatus)  by  Captain  Patton, 
I. M.S.  The  Leishman-Donovau  body  has  likewise  been  successfully  inoculated  into 
dogs  in  this  counti-y  and  in  Algiers.  The  evidence  is  rapidly  growing  that  this 
parasite  plays  an  important  part  in  the  fevers  of  this  country.  It  is  almost 
identical  with  the  parasite  that  occurs  in  Oriental  Sore  or  "  Delhi  boil.  "  In  all 
probability  there  are  several  varieties  of  this  parasite. 

The  disease  travels  slowly  along  the  lines  of  human  communication,  and  can 
always  be  associated  in  new  localities  with  the  arrival  of  infected  persons.  ,  It 
occurs  in  whole  families  and  in  the  poorer  and  dirtier  classes.  It  is  not  affected 
by  season.  The  dwellings  occupied  by  cases  of  the  disease  are  infected  and  it  can 
spread  from  one  dwelling  to  those  adjacent. 

The  period  of  iucubatiou  is  said  to  be  from  three  weeks  to  several  months. 
It  is  a  very  fatal  disease,  and  causes  great  mortality  (,98  per  cent  of  attacks)  in  the 
epidemic  areas.  Whilst  it  nttacks  natives  chiefly,  it  is  by  no  means  uncommon 
amongst  Europeans.  The  disease  attacks  all  ages  and  classes  and  both  sexes.  There 
is  no  racial  immunity.  At  one  time  it  prevailed  in  Dum  Dum  amongst  European 
troops  and  was  called  "  Dum  Dum  fever"  which  was  then  thought  to  be  malarial 
in  origin.    It  is  met  with  occasionally  iu  all  parts  of  India. 

Prevention.— As  recent  observations  seem  to  indicate  that  this  disease  is 
disseminated  by  bed  bugs,  the  special  preventive  measure  would  aim  at  their 
extermination.  The  use  of  bed -steads  of  iron  or  wood  that  can  be  taken  to 
pieces  regularly,  and  thoroughly  freed  from  bed-bugs  and  their  ova,  would  facilitate 
their  eradication.  These  cases  should  be  isolated  and  permanently  invalided  as 
unfit  for  further  service  as  early  as  possible  once  the  diagnosis  has  been  confirmed. 

Relapsing  Fever. 


^,    ,     ■    .,     ,    r,     as.-,'  ,,  "  days,  followed  by  an 

attack  similar  to  the  farst,  but  usually  milder  ;  the  disease  is  due  to  a  blood 
parasite  [SpirocJuete  carten).  The  disease  occurs  in  practically  all  parts  of 
India  and  m.ay  be  met  at  any  season.  It  is  endemic  in  both  the  Bombay  and 
Aladras  Presidencies,  occurs  all  over  the  Punjab  and  in  Baluchistan  and  in 
the  Himalayan  Terai.  It  is  aggravated  by  overcrowding  and  insanitation. 
and  it  IS  specially  connected  with  starvation,  hence  called  famine  fever.  The 
period  of  incubation  is  from  3  to  5  or  7  days.    The  spirillum  or  spirochjete  is 


Fig.  TT.—Spirochrete  of  relapsing  fever. 
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extremely  fine  and  exceedingly  active,  the  parasite  coiling  and  uncoiling  itself 
constant  y  be  w.en  the  red  blood  cells.  This  pnra.  te  has  not  been  culfivated 
outside  r],e  body    Monl.eys  may  be  affected  by  the  .lisc.se  ; 


Hi  in 

ily  seen 


,    .      ■      .        .         .   v..„  ......       ,  it  can  certainlv  he  civeu 

to  then,  by  inoe.dation  ot  the  blood  of  persons  inleot.Ml  with  it.  It  is  found  in  the 
blood  only  during  the  fever  periods,  and  is  in  great- r  ahundanne  in  first  ih:i 
the  lat.T  recurrenc-es,  decreasing  with  each  recurrence.  The  parasite  is  easily 
under  tlie  microscope  ui  both  fresh  and  stained  hloor]  i.roparations.  There  is  (i  l-ir^^e 
increase  m  the  white  blnod  cells  especially  in  the  polyniorphonuclear  cells  (p  UO) 
tluring  the  disease.  1^  i^  infectious.  This  parasite  is  in  all  probability  in  India 
communicated  to  man  tlirough  I  he  ordinary  b.-d-bug  {Cimc.x  rotnndalus)  which  its-lf 
has  been  specifically  lutocted  from  a  previous  case  nf  relapsing  fever.  Infected  bugs 
are  capable  of  transmitting  the  disease  to  monkeys.  The  ordinary  body  louse 
(Ped'iathis  cw'poris,\ms  also  been  accused  of  carrying  this  Bpirocha3te,  and'  it  has 
been  sucrgestrfd  that  mosquitoes  may  act  as  carriers.  The  parasite  is  now  believed 
by  most  authorities  to  be  a  protozoal  organism,  although  some  consider  it  to  be  a 
bacterium  of  tlie  gonus  ;S/:>j/77/m??i.  There  are  several  species  of  this  spirochaste— 
at  least  four  — connected  with  different  forms  of  fever  in  ram,  b  it  so  far  only  the 
one  named  above  h:is  been  found  in  India.  It  occurs  both  sporadically  and  epidemi- 
cally, in  jails  an  1  amongst  large  bodies  of  men  closely  aggregated  during  epidemic 
periods,  a  id  isolitad  Cases  occur  everywhere  in  India'"aiid°are  often  overlooked 
when  blooil  e.{aminatioiis  in  fever  are  not  carried  out.  The  ordinary  staiu  for 
milarial  parasites  (Lpishraan's)  brings  them  out,  but  weak  c.irbol-fuchsin  solution 
is  batter 

The  predisposing  causes  are  starvation,  bad  fcod,  destitution,  dirt,  overcrowding, 
bad  ventilation,  defective  hygienic  surroundings  generally  and  aggregation  of  the 
sick.  The  mortality  is  above  5  per  cent  of  those  att  icke.l,  but  in  some  epidemics, 
as  during  faminnpermh  it  may  be  as  much  as  50  per  cent.' 

Symptoms.— The  onset  is  sudden  with  chills  and  frequently  with  vomiting, 
pains  in  the  back  and  limbs,  fever  ;  the  temperature  rises  to  103"  or  lOP  F.,  reaches 
its  acme,  and  remains  there  for  from  5  to  7  days.  There  is  usually  aching  of  the 
back  and  limbs,  depression  and  much  prostration;  delirium  is  often  present  and 
there  may  be  sweats.  Vomiting  is  a  common  symplom,  especially  in  the  early  stage. 
These  symptoms  end  suddenly  (crisis)  with  profuse  sweating  and  occasionally 
diarrhcea,  the  urgent  symptoms  abate  and  the  patient  feels  almost  well.  The 
fall  of  temperature  is  rapid,  in  most  cases  to  below  normal.  After  about  a  week's 
frc'edom  from  fever,  there  is,  in  the  majority  of  cases,  a  sudden  recurrence  of  tlie 
first  symptoms,  but  they  are  usually  less  marked 

A  second,  third  and  even  a  fourth  similar  relapse,  each  less  and  less  severe 
with  a  more  intermittent  fever  and  longer  periods  of  freedom  from  fever,  may  take 
place.  The  bowels  are  usually  constipated;  occasionally  there  is  a  critical  diarrhoea. 
The  tongue  is  often  dry  and  brownish  with  red  tip  and  edges.  The  spleen  is 
enlarged  in  more  than  half  the  cases,  often  the  liver  also.  Sometimes  there  is  cough 
with  congestion  of  the  lungs.  Sometimes  "  typhoid  "  symptoms  (  p.  440)  arise  with 
jaundice  and  enlargement  ol  the  liver  ;  occasionally  the  urine  is  greatly  diminished. 
If  death  occurs,  it  is  due  to  some  intercurrent  disease  such  as  pneumonia,  or  rapid 
loss  of  vitality. 

The  following  table  will  assist  in  distinguishing  between  ordinary  cases  of 
relapsing,  typhus,  and  typhoid  fever:  — 


Relapsing  fever. 

Typhus  fever. 

Typhoid. 

Duratiou  ... 

Is  a  7  day  fever.  Ee- 
lapse  occurs  about 
the  12th  to  14th  day 
from  the  invasion, 
and  the  5th  to  7th 
from  the  cr.tical 
sweat  of  initial 
attack. 

Is  a  14  day  fever  ... 

Is  a  21  to  28  day  fever. 
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Age  affected 
Rash 


Reliijising  fever 


Occurs 
Oh  use 


Chief  symp- 
toms. 


Mortality 


All  ages  .. 

There  is  no  character- 
istic eruption.  Dark 
pntclit^s  (patechias) 
often  present  which 
cliil'er  from  tho.^e  of 
typhus  by  not  ap- 
pearing in  centre  of 
the  original  spots. 

Epidemically  or  spo- 
raflienlly. 

Starvation  and  over- 
crowding predis- 
pose. The  Spirochcete 
carteri  (also  called 
<S.  recurrentis)  is  the 
exciting  cause. 

Muscular  p  a  i  n  s. 
Tenderness  and  en- 
largement of  the 
liver.  Sudden  cessa- 
tion nf  the  fever. 
The  spirochaste  is 
found  in  the  blood 
dm-iug  the  fever 
stage. 

About  5  per  cent  ... 


Typhus  fever. 


Adult  life 

Mulberry-colo  ur  e  d 
rash,  PatechiiE. 


Typhoid. 


Epidemically 

Starvation,  over- 
crowding and  insan- 
itation  jiredippose. 
The  real  cause  is  not 
known. 

Active  delirium  fre- 
quent. F  e  c  u  1  i  ar 
dusky  coloration  of 
the  skin 


About  10  to   !2  per 
cent. 


Youth  and  adolescence. 

Eose-coloured  rash, 
occurring  in  succes- 
sive crops  on  the 
abdomen,  chest  and 
back. 


Endemically  mainly. 

It  is  caused  by  the 
bacillus  typlwsus. 


Diarrhoea  often  a  pro- 
minent symptom. 
Kose  rash.  Low 
muttering  delirium. 
»  idal's  re.nclion 
with  the  serum. 
The  bacillus  may  be 
cultivated  f rom  '  the 
blood. 


Varies  from  5 
per  cent. 


to  20 


the  d 


Prevention.-In  view  of  the  probable  part  played  by  bed-bugs  in  transmit'inrr 
isease  trom  man  to  man,  the  indication  is  to  main  ain  complete  cfe  '"  ?:^"^ 
of  the  Imrracks  and  all  their  appurtenances,  including  beddin  °  dothes 
and  furniture.    The    mo,«t    frequent  places  in  which  buss  an.    fn,    'i  "^^^^steads 
joints  of  bedsteads  and  furniture.    T^se  shoukl  be  marfe  so  thS  ''''' 
disjointed  an-i  cleaned  periodically.    Bug?  are  I'Lil v T Lved  w 
of  boiling  water,  kerosi.:eoil,  cudmlic  a^cid    md  Tee  fc  ncid  ^^^^       «PP  icatious 
between  the  joints  of  bedstead^  and  furniture'  l  Uls  ?he  bu4  there  A  ,  1. 
killing  bugs  in  a  room  is  fumigation  witb^carbolic  acid  and  c\mn^  ^""^ 
each  to  be  mixed  and  ignited  foi'every  1  0  )U  cuWc  feet  of   ir  .^^^^i    V        """''•^^  °f 
vent  the  eggs  from  hatching  out.    SulnLr  f  umLatio^^  '  """^  P'"" 

Mattresses  and  pillows  migfu  be  covered  w  tr  fme  V^sbable^"^^^^^^  ^F^- 
Willesden  canvas.  ^"uic  wasuauie  material  such  as 


Typhoid  Fever— Enteric  Fever. 


This  is  an  infectious  disease  characterised  by  a  loiifr  cfa„^  . 
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urine,  and  in  the  blood.  A  convincing  proof  tliafc  this  bacillus 
causes  the  disease  is  the  selective  arjijluthmtlon*  or  Widal's  reaction 


Fig.  78.— Agglutiuatiou  oE  typhoid  bacilli,  iu  the  Wood  serum  of  a  typhoid  feyer 
patient,  showiug  a  large  clump  of  bacilli.  Before  the  addition  of  the  serum  the 
typhoid  bacilli  were  isolated  as  seeu  iu  Fig.  79.    Magnified  350  times.  (Alter 

liEWLETT). 

of  culture  preparations  of  the  bacillus  by  the  serum  of  patients.  The 
bacillus  is  one  of  the  microbes  which,  under  cultivation  at  any  rate, 
produces  little  if  any  extra-cellular  toxin,  while  in  the  course  of  recovery 
from  the  disease,  or  of  artificial  immunisation,  the  serum  of  the  person 
acquires  a  specific  bacteria-destroying  property. 

This  is  probably  the  most  fatal  disease  of  Europeans  in  this  country.  It  is 
specially  a  disease  of  the  young,  the  most  susceptible  age  being  from  lo  to 
years,  "it  is  particularly  liable  to  attack  young  soldiers  and  young  ofiicei  s  shortly 
after  coming  out,  unless  they  are  protected  by  anli-typhoid  luoculation.  Many 
of  the  earlier  cases  in  a  campaign  are  in  all  probability  brought  to  tlie  trout 
by  men  leaving  their  .stations  in  the  iucubation  stag«  of  disease. 

Enteric  fever  accounts  for  about  one-fourth  of  the  deaths  of 
British  soldiers  which  occur  in  India  every  year.  The  average 
number  for  the  five  years  1905-09  in  India  shows  958-2  admissions  and 
186-4  deaths.  Most  of  the  men  attacked  are  young  and  have  less  than 
two  years'  service.  About  one  of  every  five  attacked  dies.  lypj^oid 
fever  is  as  a  rule  more  prev.alent  but  less  fatal  amongst  European  oftcers 
than  the  rank  and  file. 

It  is  a  curious  fact  that  there  is  an  increasing  number  of  typhoid 
fever  cases  in  the  Native  Army  each  year,  and  this  is  associated  with 

»  4i,nlutination  here  signifies  a  coagulative  phenomenon  which  is  associated 
with  the^Sh  of  bacteria,  and  is  conl^idered  to  be  due  to  some  deleteriou^^^^^^ 
on  the  covering  or  outer  part  of  bacteria  which  makes  them  st  cky.  ^ 
which  brings  about  this  adhesion  of  the  bacilli  in  masses  ih  called  apyiu<m.«.  uaa 
is  formed  in  the  blood  as  adeleusive  ageut  against  the  bacilli. 
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a  progressive  decrease  in  the  class  of  malarial  fevers  that  used  to  be 
called  remittent  fever.  It  is  very  jn-obable,  however,  that  typhoid 
fever  cases  existed  previously  and  that  the  apparent  increase  is  due 
to  more  exact  metliods  of  diagnosis  now  adopted.  The  following  shows 
the  actual  admissions  in  the  Native  Army  for  the  years  named— 1902, 
5U;  1903,  80;  1904,  70;  1905,  130  ;  1'J06,  127;  1907,  182;  1908,  350  ; 
1909,284.  The  disease  practically  never  occurs  in  an  epidemic  form 
in  the  Native  Army. 

The  following  table  regarding  European  troops  in  India  shows 
that  typhoid  fever  has  with  few  interruptions  steadily  declined  since 
1890,  so  that  it  is  now  only  one-half  as  prevalent  as  it  was  then. 

Enteric  fever  in  European  troops  in  India  from  1890  to  1909  :  


Year, 


1890 
1891 
1892 
1893 
1894 
18ii5 
1896 
1897 
1898 
1899 
1901) 
1901 
1902 
1903 
1904 
1905 
190G 
1907 
1908 
1909 


Admissions. 


1.254 
1,343 
1,506 
1,402 
1,480 
1,544 
1,795 
2,050 
2,375 
1,392 

970 

776 
1,012 
1,363 
1,.384 
1,146 
1,095 

910 
l.COl 

039 


Deaths. 


Eatlo  per.  1,000 
of  strength 
admissions. 


332 
380 
374 
370 
408 

445 
556 
657 
348 
289 
202 
260 
292 
265 
213 
224 
192 
190 
113 


IS'O 
2U'3 
L'-J-l 
20  1 
2J-9 
226 
25  5 
31-8 
36-3 
2(i-G 
16-0 
12-8 
167 
19  G 
19-7 
IG  1 
15-.1 
131 
14-5 
8-9 


C;ise  mortnlity 
per  100. 


26  50 
28  -jg 
24-83 
1^:6  39 
27-49 

24  81 
24-79 
27- 1-2 
27-66 

25  00 
29-79 
2603 
25  69 
21-38 
1915 

18-  59 

20-  46 

21-  10 

19-  ]  4 
1S-J8 


f  ,  ^^"V'^"«^i^^d  to  consider  that  the  death-rate  as  recoided  for 
yphoid  fever  ,n  past  years  is  a  surer  index  of  the  incidence  of  disease 
than  the  actual  number  of  cases  diagnosed  as  such,  as  the  e  is  no 
doubt  that  some  of  the  cases  so  recorded  have  been  cases  of  ot  e  or 
tte'Ll.'fT"^  ^-"1^"^^  fevers  met  with  in  this  country  When 

s  mfv    :,tadoS^^^^^^  ^-^i'- fro- the  blooS 

lb  umver.a  iy  adopted,  this  source  of  error  will  be  complelelv  elimin 

campa^ar,r^?.  !f     ?  ^     ^  l^uropean  armies,  particularly  durino- 

suffer  per  annum  h.  \y  .  l^      I'  \       ^  ^  ^^^ropean  troops 

States^3  6,TeSnV  "anrouil^       4-1,  in  the  Russian  3-8.  United 
>     xman  u  j,  and  our  Army  at  home  0-6  per  1,000.  Durino- 
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the  31  months  of  the  South  Afrioan  War  no  less  than  42,741  men  were 
admitteil  for  typlioid  fever  with  7,998  deaths,  that  is,  considerably 
more  than  were  killed  by  tlie  enemy,  viz.,  6,872  ;  in  the  war  with 
Eussia,  the  Japanese  in  18  months  had  4,073  deaths  from  tliis  disease. 

The  typical  form  of  the  typlioid  hacillus  ia  in  length  abouf  oiio-tliirtl,  i.nd  in 
breadth  alj()tit  one-fourteenth  the  diameter  of  red  "blood  cells  ;  it  has  slightly 
rounded  en^ls.  It  is  very  motile,  this  activity  benig  due  to  the  8  to  12  llag^lla^witii 
which  it  is  surrounded.    The  Imcillns  coli  vommunis  has  usually  only  3  orll  flagella. 


Fig.  79.-Bacillus  of  typhoid  fever.  (After  1*^16.  80.  -Bacillus  of  t > - 

Hn-wtFTT,  phoid  fever  sho.vmo;  flagell,. 

ilEWLBiT;.  Magnified  about  2.U00  times. 

A  temperature  of  HO"  P.  kills  the  microbe  in  15  minutes.  Free^Jng  dous  not 
kill  it';  it  may  survive  in  ice  for  weeks.  In  surt.ce  sod  it  ^;  y'^^'  l''^,^,\ 
sunlight  for  so  long  as  122  hours  (Fikth  and  HoRUOCKs)^  It  e-ow,  u^.^^^^ 
ordinary  meda-aaar,  gelatine,  bouillon  and  biood-serum.  It  stains  by  I'l'^';:"-'^'^^ 
a     th7n"u.l  aniline  ^dyes,  but  not  by  Gram  s  method.    Its  ^P^^'^^  ,  ue 

interesting  because  it  is  very  mucii  like  certain  other  baciUi  ong  the^e  .^^^^^^^^ 
is  bacmJ  colicora.nnus,  .normal  inhanraiit  il^rarorn- ^^^^^^ 

beco.nes  disease-producing.  The  typhoid  bacillus  differs  troin  it  in  ^J-oj  °n  "^^^ 
vigorously  in    cultivating  media,  in  having  a  greater  "^'^.^g ^^^^ 

agglutinative  reaction  with  the  blood  serum  of  typhoid  fever  P^^ien  s^^^^ 
is  specific;  and  there  are  other  differences  in  its  cultural  relations  whicli  we  neea 
not  consider  here. 

Although  some  have  attempted  to  show  that  the  hacillus  ^'^''^ 
under  favourable  circumstauces  become  the  typhoid  bacillus  ^'f^/^^'^X 
scientific  evidence  indicates,  we  can  scarcely  ^l^'^^t  Uie  «^.<|^J^  n^^^^^^ 
typhoid   bacillus.    That  paratyphoid  organisms  ^"'"^'J-f^^l^t^:^^^^^^^^ 
from,  yet  closely  resembling  the  specific  bacillus,  can  cause  a  disease  cioseiy 
bling  typh  id  fever,  is  now  beyond  all  doubt. 

The  baciHus  is  discharged  in  the  f^ces  and  ^f^'/^^' ^^^^^^^^ 
attacks  the  lungs,  in  the  expectoration,  and  possibly  in        expired  am 
It  is.also  con;ained  in  the  rose-coloured  spots  and  m  tl,e  sweaty 
thing  that  comes  into  con  tact  with  the  discharges  ot  the  patient 


IN  PEACE  AND  FRONTIER  WARFARE  IN  INDIA. 


489 


contains  the  bacilli,  and  if  care  is  not  taken  with  regard  to  the  clothes, 
bedding,  utensils,  nurses'  hands,  patient's  hands,  etc.,  they  may  all  get 
infected  with  the  germs  of  the  disease.    Evevy  place  where  the  undisin- 
fected  discharges  are  thrown  becomes  a  focus  for  the  spread  of  the  disease. 
Typhoid    stools   are   specially  infective  during  the  early  stage  of  the 
disease  and  during  the  early  period  of  relapses.    The  urine  in  a  large 
percentage  of  cases  is  specially  infective  at  the  end  of  the  third  week, 
and  from  then  up  to  the  30th  day.    ]jate  in  the  disease  typhoid  bacilli 
found  in  the  ffeces  are  prohably  mostly  from  mixed  urine.    The  urine  in 
25  per  cent,  of  cases  contains  enteric  bacilli.    As  many  as  172  millions 
of  typhoid  bacilli  have  been  counted  in  a  single  drop  of  urine  from  a 
typhoid  patient.    Flies    are   considered  to  be  important  carriers  of 
typhoid  germs.  They  are  dirty  feeders,  visit  latrines  and  other  accumu- 
lations of  dirt.    In  latrines  they  lay  their  eggs  in  human  faeces,  if  these 
are  accessible,  and  return  to  houses,  alight  on  food,  dishes,  etc.,  carrying 
the  germs  of  disease  on  their  wings,  mouth,  feet  and  legs.    If  all  houses 
were  thoroughly  clean,  especially  the  stables,  yards  and  latrines,  flies 
could  not  flourish.  As  above  stated  the  bacillus  reaches  the  body  through 
the  bowel  in  the  food,  or  liquid  consumed.    Rarely  it  gains  access 
through  the  lungs.    If  it  gets  into  the  small  intestines  of  a  healthy 
susceptible  person,  it  begins  to  multiply  causing  certain  ulcerations  in 
the  mucous  membrane,  gets  into  the  blood-vessels  and  can  be  found  in 
the  blood.    Finding  the  bacillus  in  cultivations  from  the  abstracted 
blood  of  the  patient  is  the  most  immediate  way  we  can  diagnose  the 
disease. 

In  practically  every  large  cantonment  in  India  it  is  now  possible  to  make  a 
diagnosis  of  typhoid  fever  within  the  first  few  days  of  the  disease  beginning  by  blood 
cultures  ;  the  technique  of  this  method  of  diagnosis  has  been  simplified  and  all 
difficulties  lu  carrying  it  out  eliminated.  Recent  results  have  shown  that  in  prac- 
tically every  case  of  typhoid  fever  bacilli  can  be  cultivated  from  the  blood  at  this 
early  period.  ItiiJeed  one  is  di.sposed  to  recommend  its  adoption  in  European  troops 
in  every  case  of  fever  where  the  diagnosis  is  uncertain  and  the  man  has  not  pre- 
viously suffered  from  the  disease.  It  is  more  certain  than  Widal's  reaction  in  which 
some  of  the  factors  connected  with  the  reaction  depends  on  conditions  altoo-ether 
unconnected  with  the  patient.  o^'-'^^i 

After  being  swallowed  the  bacillus  passes  through  the  stomach 
enters  the  bowel,  creates  toxins  in  its  multiplication  and  these  toxins 
get  into  the  blood,  travel  through  the  body,  and  give  rise  to  the  symptoms 
of  the  disease.  The  bacilli  in  the  blood  do  the  same.  Hence  we  consider 
typhoid  fever  to  be  essentially  a  blood  poisoning  due  to  the  toxins 
formed  by  the  typhoid  bacilli. 

In  most  regiments  there  is  the  probability  that  some  persons  are 
always  suffering  from  manifest  or  undeveloped  enteric  fever  or  are 
earners    ot  the  disease.    In  such  cases  the  evacuations  passed  in 
the  public  latrines,  and  containing  the  iiifective  material  of  the  disease 
may  be  a  source  of  the  disease.  '« 'usease 

During  the  last  few  years  much  attention  has  been  given  to  the 
question  of  the  contamination  of  food  by  the  chronic  typhoid  -  carrier!" 

(52 
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The  chief  points  noticeable  about  the  distribution  of  the  disease  in  barracks 

now  is  that  scattered  cases  occur  promiscuously  in  different  companies  and  t  oops, 
and  that  there  is  a  marked  seasonal  prevalence  "  There  are,  approxim  itely,  amongst 
our  European  troops,  858  cases  yearly,  of  whom  about  186  die,  and  100  of  tlie  survi- 
vors are  invalided  leaving  7C0,  in  whom  there  are  about  21  carriers.  Of  these  21 
uot  more  than  1  or2  in  the  year  are  employed  in  connection  with  food  in  the  whole 
ICuropean  Army  in  India-  hence  the  direct  iufecr.ion  of  food  by  these  is  an  unlikely 
source  of  the  disease.  These  chronic  carriers  must  be  looked  upon  as  sources  of 
indirect  infection,  but  few  in  number  compared  with  the  unrecognised  cases  and 
of  all  the  recognised  cases  before  admission  into  hospital.*  A  large  number  of 
tj'phoid  fever  cases  are  not  admitted  for  several  days  after  the  disease  has  begim, 
during  which  time  they  are  acting  as  disseminators  of  the  disease.  The  germs  of 
the  disease  are  not  only  discharged  in  the  stools  during  the  earliest  stages,  but 
also  in  the  stage  of  incubation,  and  the  disease  is  specially  infective  during  the 
earlier  stage  (Conkadi;. 

There  is  much  evidence  to  support  the  view  that  these  men  are  at  least  one  of 
the  most  frequent  sources  of  typhoid  infection.  This  points  to  the  urgent  necessity 
of  insisting  on  all  cases  of  even  trifling  fever  reporting  sick  at  once,  aud  of  the 
necessity  of  isolating  these  cases  until  the  presence  of  typhoid  fever  has  been 
disproved.  Early  diagnosis  by  cultivation  of  the  bucilli  from  the  blood  of  these 
cases  is  of  paramount  importance  in  the  matter  of  prevention. 

In  April  1908  a  convalescent  depot  for  men  who  had  recovered  was  established 
at  Naini  Tal  aud  during  ihs  year  it  received  310  cases.  In  each  case  the  urine  and 
fffices  were  examined  for  seven  consecniive  days,  and  none  were  sent  back  to  their 
stations  until  at  least  four  months  had  elapsed  from  the  date  the  fever  had  left. 
Of  190  men  whose  excreta  were  examined  in  3-1  per  cent,  the  foeces  (5  cases'  and 
urine  (1  case)  contained  bacilli  at  the  end  of  six  months.  All  were  sent  to  England 
and  continued  to  discharge  typhoid  bacilli  for  many  months.  The  stations  from 
which  these  310  convalescents  were  sent  showed  an  average  reduction  of  fresh 
cases  by  9'1  per  cent.,  stations  from  which  the  typhoid  convalescents  were  not  sent 
showed  an  increase  of  2(3-6  per  cent  A  similar  dep6t  for  convalescent  typhoid  cases 
has  been  established  at  Wellington  in  the  Nilgherries.  In  1910,  2:h9  typhoid 
convalescents  were  sejit  to  the  jSaini  Tal  Depot. 

There  is  still  a  great  deal  of  work  to  be  done  in  connection  with  the  mor- 
phological and  clinical  relations  of  the  various  species  of  bacilli  closely  related 
to  the  original  bacilli  typhosus,  and  the  different  paratyphoid  bacilli;  and  much 
investigation  has  still  to  be  carried  out  in  connection  with  the  epidemiology  and 
erden;iology  of  typhoid  fever  before  we  can  assume  that  our  preventive  measures 
have  reached  the  limits  of  possibility.  Such  investigations  are  being  carried  on 
throughout  the  civilised  world,  and  military  medical  officers  are  the  chief  workers 
in  this  field. 

Ways  in  which  enteric  fever  is  spread.— Enteric  fever  is  usually 
spread  by  one  of  three  ways— contact  with  previous  cases,  by  water, 
and  by  food  (especially  milk). 

Water-borne  epidemics- — Water-borne  epidemics  of  enteric  fever 
are  usually  from  some  water-works  or  wells  which  have  been  contamin- 
ated by  the  special  bacillus  of  enteric.  This  form  of  "  mass  infection  " 
occasionally  occurs  through  milk,  and  is  due  to  the  milk  having  been 
diluted  with  infected  water,  or  to  the  milk  utensils  having  been  washed 
with  contaminated  water,  less  frequently  by  the  hands  of  the  sick,  or 
of  attendants  carrying  infection  to  milk. 


*  Lieut  -Colonel  A.  R.  Aldridgis,  B.A.M.C.,  Journal  of  the  Royal  Army  Medical 
Corps,  September  1909,  p.  225. 
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Investigation  of  sources  of  infection.— When  enteric  fever  bas  undoubtedly 
iippeared,  we  have  to  find  out  tlie  source  of  infection.  It  we  can  exclude 
importation  (.it  is  seldom  we  are  in  a  position  to  do  so  on  field  service),  we 
direct  attention  to  water  and  food,  regarding  which,  evidence  acquired  m  an 
epidemiological  inquiry,  readily  iucriminates  or  acquits.  If  water  and  food  are 
eliminated  iu  such  au  inquiry,  infection  by  contact  remains,  and  this  part  of  the 
investigation  may  be  difficult  on  field  service,  as  it  means  a,  bactei iological 
examination  of  all  suspicious  cases  of  sickness  in  and  out  of  hospital ;  and  of  what 
we  know  as  "  chronic  carriers  ".  "  It  is  not  possible  by  present  methods  to  detect 
all  sources  of  infection,  and  for  the  defence  of  those  of  a  susceptible  age,  recourse 
must  be  had  to  anti-typhoid  inoculation." 

It  takes  18  to  24  hours  to  grow  colonies  of  enteric  bacilli  iu  nutrient  media, 
and  even  then  suspicious  colonies  have  to  be  subjected  to  a  series  of  other  tests 
before  identification  is  complete  and  absolute.  This  shows  the  impracticability 
of  bacteriological  examination  of  water  as  a  rule  in  an  enemy's  country,  or  in  the 
presence  of  the  enemy.  It  is,  of  course,  quite  easily  carried  out  on  the  lines  of 
communication  and  during  cessations  of  hostilities,  and  iu  standing  camps. 

Life  of  enteric  bacillus  iu  water  — In  natural  unpolluted  water  the  bacillus 
typhosus  may  live  for  three  to  five  days.  The  general  opinion  is  gaining  ground  that 
the  bacillus  of  typhoid  fever  in  the  natural  coudition  iu  water  is  a  short-lived 
microbe.  It  is  seldom  that  this  bacillus  is  bred  from  water  examined,  and  this  is 
so  whether  the  water  be  centrifugaiised,  or  the  conteuts  of  the  water  be  sedimented, 
or  precipitated  by  chemical  agents,  or  hy  agents  which  prevent  the  growth  of  other 
microbes,  or  even  by  specific  serum.  The  general  chturacters  of  most  of  the  reported 
outbreaks  of  enteric  fever  in  late  years  are  opposed  to  its  being  due  to  specifically 
contaminated  water  or  milk.  For  example,  it  occurs  in  one  set  of  lines,  or  two  sets 
adjacent,  in  one  camp,  or  two  camps  contiguous,  even  when  the  water-supply 
is  identically  the  Sjme  throughout  the  station  or  cantonment.  Nevertheless  we 
should  never  forget  that  many  of  the  epidemics  of  former  years  in  India,  and  some 
of  those  of  recdnt  years  in  the  United  Kingdom,  were  undoubtedly  caused  by 
consumption  of  specifically  infected  water  which  has  been  pronounced  by  expert 
bacteriologists  and  chemists  to  be  pure.  Neglect  of  our  water-supplies  for  troops 
would  once  more  be  associated  with  similar  outbursts  of  the  disease. 

Specifically  polluted  water  not  the  only  means  of  infection.— 

Military  sanitarians  of  wide  experience  in  India,  and  a  large  number 
of  both  civilian  and  military  hygienists  in  Europe  at  the  present  day, 
do  not  consider  water  as  the  only  mode  of  disseminating  enteric  fever. 
Tliey  admit  that  specifically  contaminated  water  may  give  rise  to 
explosive  epidemics  of  the  disease,  but  these  at  the  present  day  are  the, 
exception,  and  are  comparatively  short-lived. 

Infection  acquired  in  bazaars  is  said  to  account  for  a  certain  number 
of  cases,  and  in  some  instances  epidemics  have  been  thus  started, 
hence  the  necessity  on  field  service  of  forbidding  anything  being 
eaten  or  drunk  that  has  not  been  duly  passed  as  fit  for  use.  Hence 
also  the  necessity  of  placing  all  infected  localities  (both  in  peace  and 
war)  out  of  bounds.  On  the  whole,  however,  bazaar  infection  is  not  a 
prominent  factor  iu  the  dissemination  of  enteric  fever  in  our  Army  iu 
India.  '' 

Origin  from  Contaminated  aerated  waters.— Aerated  waters 
procured  in  bazaars  have  been  considered  to  be  a  source  of  enteric 
fever  outbreaks  on  several  occasions  in  lecent  years  iu  our  Euronean 
troops  in  India.  ./      ,  i  ^ 
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Imported  enteric  fever— A  large  number  of  the  cases  in  different 
stations  are  undoubtedly  imported— importation  is  probably  one  of  ibe 
most  important  factors  in  the  dissemination  of  the  disease  in  our 
Indian  cantonments,  and  it  is  likely  to  be  of  overwhelming  significance 
on  field  service,  as  we  must  necessarily  always  have  a  number  of  men 
of  a  very  susceptible  age  with  the  force,  in  many  of  whom  the  disease 
IS  probably  incubating ;  or  men  who,  having  recovered,  still  harbour  its 
germs.  It  is  difficult  to  conceive  how  we  could  successfully  practise 
quarantine  so  as  to  eliminate  incubating  cases  which  are  extremely 
difficult  (in  some  cases  impossible)  to  diagnose  ;  from  these  carriers 
of  infection  fresh  incubations  would  be  constantly  occurring.  Daily, 
constant  watchfulness  to  detect  the  earliest  indications  of  the  disease 
— fever,  diarrhoea,  general  malaise  (without  reasonable  cause),  headache, 
etc.,  is  imperative,  and  the  elimination  of  these  cases  from  the  force, 
as  well  as  the  exclusion  of  all  cases  recently  recovered  from  enteric, 
are  obvious  preventive  measures  against  the  spread  of  the  disease. 

How  the  typhoid  bacillus  escapes  from  the  body.— The  bacillus 

enteric  fever  may  make  its  escape  from  the  body  through  fseces 
(including  bile),  urine,  and  expectoration.  The  bacillus  of  enteric 
fever  is  found  in  the  urine  in  from  25  to  30  per  cent,  of  cases,  although 
it  is  rarely  found  in  this  excretion  before  the  second  week  of  the 
disease. 

Typhoid  fever  is  essentially  a  blood  disease  or  septicaemia.— It 

is  popularly  supposed  that  typhoid  fever  is  a  disease  of  the  bowels. 
We  now  know  definitely  that  it  is  not  so,  and  that  it  is  a  true  blood 
poisoning,  a  septictjemia  (or  bacillasmia).  Certain  glands  of  the 
bowels  (known  as  Peyer's  patches  and  solitary  glands),  which  usually 
ulcerate  in  typhoid,  are  merely  channels  through  which  general  infec- 
tion arises.  The  bowel  lesions  are  secondary  to  the  general  blood 
poisoning.  It  is  probable  that  the  throat,  especially  the  tonsils,  fre- 
quently serve  as  the  initial  focus  whence  the  bacillus  disseminates.  It 
is  well  known  that  the  fa;ces  from  start  to  finish  of  a  case  of  enteric 
fever  may  never  contain  the  bacillus,  showing  that  there  is  possibly 
in  some  cases  a  local  immunity  of  tissue  in  the  bowels  to  the  attacks 
of  the  microbe,  which  is  one  explanation  for  the  escape  of "  acute 
bacilli  carriers." 

Endemic  typhoid  fever. — That  typhoid  fever  exists  in  the  endemic 
form  (that  is,  it  is  more  or  less  firmly  implanted  in  particular  localities) 
has  for  some  years  been  a  recognised  fact  in  the  history  of  the  disease 
in  this  and  other  countries.  This  means  that  the  germ  of  the  disease 
has  found  its  way  to  such  places,  and  in  them  found  conditions  favour- 
able to  its  continued  growth  and  multiplication— has,  as  it  were,  taken 
root.  In  recent  years  sanitary  and  medical  officers  generally  have 
consideied  that  these  favourable  conditions  for  the  germ,  are  to  be 
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found  in  the  system  of  latrines  so  universally  in  use.  It  is  not 
always  easy  to  define  in  what  particular  direction  these  latrines  become 
foci  for  its  .spread,  but  that  dust  from  these  latrines  laden  with 
typhoid  bacilli  and  infected  flies  are  important  factors,  is  generally 
admitted. 

In  standing-  camps  it  becomes  a  soil  disease. — Much  of  our  re- 
cent experience  in  this  country,  and  that  gained  in  South  Africa,  seems 
to  indicate  that  enteric  fever  is,  when  at  all  widespread  in  an  area,  what 
might  be  termed  a  soil  disease,  and  that  under  this  condition,  pulver- 
ised and  dried  typhoid  bacilli  are  wafted  into  the  air,  water,  and  food. 
The  definite  diagnosis  of  enteric  fever  iu  many  cases  during  its  early 
stage,  and  under  the  conditions  of  field  service,  is  next  to  impossible. 
Yet  such  cases  through  their  dejecta  multiply  the  loci  whence  infection 
spreads. 

Behaviour  of  typhoid  bacillus  in  the  soil.— In  1894,  Ebehth  demonstrated 
that  tlie  bacillus  typhosus  lived  for  months  iu  soil  polluted  by  sewage,  aud  in  ordi- 
nary soil  for  a  short  time  only.  We  now  kuow  that  in  dry  earth  the  typhoid 
bacillus  nipidly  loses  its  virulence  (in  24:  hours)  ;  in  moist  earth  it  remains  unaffect- 
ed for  24  hours  ;  in  nutrient  earlh  its  virulence  is  increased  iu  24  hours,  and  con- 
tinues to  increase  for  a  time,  then  declines,  and  finally  it  dies.  It  would  appear 
that  the  vitality  of  the  bacillus  of  typhoid  may  withstMUd  drying  for  some  months. 
In  the  Cuban  War  specifically  contamiiiated  dust  was  considered  to  be  a  dissemin- 
ator of  enteric,  and  "  flies  imdoubtedly  served  as  carrier.s  of  infectiun.  There  was 
strong  presumptive  evidence  to  show  that  infection  was  spread  to  a  considerable 
extent  from  the  latrines  by  the  hosts  of  flies  which  swarmed  in  many  of  the  camps  " 
just  as  '  flies  in  India  contribute  their  quota  of  cases  of  typhoid  infection." 

The  conditions  of  camp  life,  especially  those  of  standing  camps  on 
field  service,  are  highly  favourable  to  the  spread  and  persistence  of 
typhoid  fever,  once  it  has  made  its  appearance. 

Indications  from  the  life  of  the  typhoid  bacillus  in  the  soil.  

The  indication  here  is  obvious.  Once  a  man  has  typhoid  fever  iu  a 
battalion  in  camp,  he  must  be  sent  to  hospital,  the  tent  he  occupied 
must  be  vacated,  disinfected  and  struck,  the  ground  in  aud  around  the 
tent  being  subsequently  treated  with  some  disinfectant,  and  not  occupied 
again.  The  "  contacts"  should  be  isolated  for  14  days,  kept  under  medical 
supervision,  provided  with  separate  latrines  and  urinals,  all  their  excreta 
sterilised  by  incineration  or  boiling,  aud  these  contacts  dealt  with  as  if 
they  were  actual  cases  of  typhoid  fever.  The  bedding  aud  kit  of  the 
patient,  aud  all  the  contents  of  the  tent  he  occupied  should  also  be  com- 
pletely disinfected.  The  regimental  latrines  at  this  time  require  special 
supervision,  and  it  is  advisable  to  render  the  trenches  harmless  by  the 
daily  use  of  some  liquid  disinfectant,  such  as  a  solution  of  crude  carbolic 
acid  or  saponified  cresol.  "  Among  the  possible  endemic  centres  of 
infection  none  are  so  common  and  dangerous  as  insufficiently  super- 
vised  dry  earth  latrines  infected  by  early  or  ambulant  cases.  "  * 
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Infection  by  contact.— Infection  by  contact  may  be  (a)  imme- 
diate from  the  sick  person,  especially  when  the  disease  is  not  diag- 
nosed ;  ov  {h)  mediate  from  articles  contaminated  by  them.  Infec- 
tion may  occur  from  early  and  ambulant  cases  ;  from  mild  or  early 
cases  in  hospital  prior  to  their  diagnosis  as  typhoid,  and  from  some  of 
those  who  escape  diagnosis  altogether  ;  by  the  excreta  of  convalescents 
after  they  are  discharged  from  hospital ;  from  men  who  are  acting  as 
bacilli  carriers  and,  by  infection,  from  badly  placed  and  defectively 
worked  latrine  trenches. 

Lieut. -Colonel  Sir  David  Sempj-k,  K.A.M.C,  states  that  those  who  harhour 
iufection  may  be  divided  into  four  classes  :  Persons  suffering  fioin  enteric  fever 
diagnosed  aud  treated  as  such  ;  persons  suffering  from  eni-eric  fever  but  not  diagnosed 
or  treated  as  sucli,  including  attacks  in  which  the  disease  was  not  suspected  and 
possibly  ii^any  cases  diagnosed  and  treated  as  ordinary  diarrhoea  or  simple  con- 
tinued fever  ;  convalescent  enteric  lever  patients  who  have  become  bacilli  carriers; 
and  healthy  persons  who  have  never  so  far  as  we  know  passed  through  an  attack  of 
the  disease,  such  as  attendants  on  enteric  fever  cases,  or  persons  who  have  been 
subjected  to  the  same  opportunities  of  infection  as  those  who  contracted  the 
disease — probably  temporary  harbourers  of  infection,  but  not  infected  in  the  ordi- 
niiry  sense  of  the  term.  The  latter  three  classes  ore  real  propagators  of  the  disease 
in  India.  The  first  is  the  least  dangerous  because  known  and  defensive  operations 
against  them  are  taken. 

Period  of  incubation. — This  usually  varies  from  10  to  14  days 
but  it  may  be  from  5  to  35  days.  During  the  period  of  incubation  the 
patient  may  feel  that  there  is  something  wrong,  he  tires  readily,  and 
is  disinclined  to  do  his  ordinary  work. 

Symptoms-  — It  begins  in  various  ways  sometimes  with  a  feeling  of  coldness 
or  actual  shivering,  at  other  times  with  diarhoea,  or  pain  in  the  abdomen.  Then 
there  is  fever  which  compels  the  patient  to  take  to  his  bed.  For  the  first 
few  days  the  fever  rises  two  degrees  in  the  evening  aud  falls  one  degree  in 
the  morning,  giving  what  is  called  a  step-ladder  tliermometric  chart,  until  the  tem- 
perature reaches  103  or  lO-I"'  F.  There  is  usually  headache,  and  there  may  be  slight 
delirium.  The  tongue  is  coated  with  a  white  fur,  the  bowels  are  ofcen  loose,  but  by 
no  means  always  so,  as  there  may  he  constipalion  throughout  the  disease.  The  stools 
when  the  bowels  are  loose  are  of  a  peculiar  pea-soupy  character.  At  the  end  of 
the  first  week  there  are  usually  some  rose-coloured  slightly  raised  spots  on  the 
abdomen,  and  it  may  be  also  on  the  chest  and  back. 

In  the  second  week  the  fever  continues  and  the  patient  suffers  from  delirium 
and  mental  confusion,  he  is  more  or  less  apathetic,  the  diarrhoea  increases,  the 
abdomen  is  tender  and  distended. 

During  the  Ihird  iveek,  in  cases  going  on  to  a  favourable  termination,  the 
temperature  usually  begins  to  fall  and  does  so  in  the  s.ime  way  that  it  rose,  that  is, 
dropoina  one  degree  every  day  until  it  reaches  the  normal.  But  the  temperature 
mav  continue  high,  the  diarrhoea  become  worse,  the  abdouieu  more  distended,  the 
toneu-^-  get  dry  and  brown,  delirium  worse,  there  may  bo  pulmonary  trouble,  and  the 
heart  threaten  to  fail,  or  there  may  be  perforation  of  the  bowel  owing  to  an  ulcer 
giving  way. 

Usually  during  the  fourth  roeelc  the  patient  begins  to  feel  better,  the  tempera- 
t'nre  falls  to  normal  or  even  below,  the  tongue  gets  clean,  the  looseness  of  the 
bowels  ceases,  a.-.d  the  patient  begins  to  be  brighter  aud  to  feel  hungry.  At  other 
Hmea  the  patient  goes  from  bad  lo  worse  with  increttsmg  weakness,  with  a  heavier 
fexpressiou,  dry  tongue,  stupor,  muttering  delirium,  and  iuvoluutary  motions.  Many 
of  these  seemingly  very  serious  cases  get  well. 
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Durinff  convalescence  the  greatest  care  must  be  taken  to  prevent  a  relapse 
•whicli  is  liable  to  occur  in  all  cases.  This  is  best  done  by  the  strictest  attention 
to  diet  which  should  consist  of  nothing  but  liquid  food,  chiefly  milk  for  iO  days 
at  least,  after  the  temperrtiiro  becomes  normal.    The  patient  often  craves  for  food. 

The  enipfio7i  consists  of  small  slightly  elevated  rose-coloured  spots  which 
disappear  on  pressure,  and  come  out  in  successive  crops.  The  to»ffiie  is  first  coated 
white  with  some  redness  at  the  tip  and  edges,  but  it  soon  becomes  dry,  brown  and 
tremulous,  and  like  the  teeth,  becomes  covered  with  bacteria,  saliva,  epithelial  cells, 
etc.,  forming  what  are  called  sorc^cs.  Slight  congestion  of  the  Zww^/s  with  cough  is 
usually  present. 

Walking  or  ambulatory  typhoid  fever.- The  symptoms  in  this  variety  are 
so  mild  that  the  pxtient  is  able  to  walk  about  whil e  suffering  from  the  disease. 
In  "abortive  typhoid  fever,"  there  is  au  abrupt  onset  of  symptoms  which  subside 
quietly,  convalescence  occurring  in  a  few  days. 

Notwithstading  the  frequency  with  which  typhoid  fever  is  met  with,  there 
are  few  diseases  in  which  mistakes  in  the  diagnosis  are  more  common.  The  great 
difficulty  in  the  diagnosis  arises  from  the  frequency  with  which  some  of  its  most 
characteristic  symptoms  are  absent  (e  g.,  rash  or  diarrhoea)  and  from  the  indefinite 
nature  of  the  illness  in  many  cases,  Apart  from  Widal's  serum  reaction,  and  the 
direct  cultivation  of  the  bacillus  of  typhoid  fever  from  the  blood,  there  is  no  single 
symptom  by  which  the  diagnosis  can  be  made.  A  combination  of  many  of  the 
symptoms  named,  however,  make  the  diagnosis  highly  probable.  Amongst  the 
special  indicatiuns  of  the  disease  in  combination  are  Widal's  reaction,  what  is  known 
as  the  diazo  reaction,  and  a  decreased  number  of  white  cells  in  the  blood.  This 
last  is  found  to  be  present  in  90  per  cent,  of  cases  of  uncomplicated  typhoid. 
Widal's  reaction  occurring  in  an  individual  who  has  not  previously  had  typhoid 
or  protected  by  anti-typhoid  vaccination  is  nearly  certain  evidence  of  the  disease, 
provided  the  test  is  properly  applied.  The  possibility  of  the  person  having  previ- 
ously had  the  disease  i  often  undiagnosed)  is  always  to  be  kept  ii.mind,  for  there  is 
no  doubt  that  this  is  the  explanation  of  some  of  the  positive  reactions  which 
nccur  in  illnesses  other  than  typhoid  fever. 

There  are  various  diseases  from  which  typhoid  fever  has  to  be  distinguished 
but  of  these  we  need  here  only  consider  one  and  contrast  it  with  typhoid  fever— 
viz.,  malignunt  tertian  (malarial)  fever. 

Malignant  Tertian  Fem:         '  Typhoid-  Fever. 

Onset  generally  intermittent        ...        Onset  gradual  and  progressive 
Irregular  remissions.  The  temperature       Regular  though  very  slight  morning 

remissions  with  evening  exacerbations  of 
temperature.  The  temperature  does  not 
reach  104''  F.  before  the  3rd  or  4th  day. 

Headache  from  beginning  permanent 
severe,  frontal ;  eyes  white.  ' 


These  symptoms  are  usually  well 
marked  and  progressive. 

Breath  has  a  peculiar  mouse-like 
odour. 

Delirium  appears  only  when  the  disease 
IS  well  marked  and  is  often  persistent 
and  variable  only  in  degree.  Pulmonary 
congestion  is  gradual  and  persistent ;  the 
difficulty  in  breathing  is  pronounced  and 
later  in  appearing,  depending  more  on 
the  abdominal   conditions,  distensions 


may  arrive  at  104°  F,  witlim  24  hours. 


Headache  rare  in  beginning,  of  a 
neuralgic  character,  pulsating,  variable 
in  its  position  and  intensity  :  there  may 
be  a  slight  jaundiced  hue  in  eyes  from 
onset. 

The  apathetic  expression  of  the  face, 
the  dryness  of  the  tongue  and  sardes  on 
the  teeth  are  not  very  marked. 

Breath  foul 

The  delirium  may  come  on  in  the 
early  days-it  is  recurrent,  but  changes 
with  the  exacerbations  of  temperature 
and  other  symptoms,  and  may  give  way  to 
grave  symptoms  related  to  other  organs. 
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Typhoid  Fever, 

There  is  congestion  of  the  lungs,  espe- 
cially of  thw  bases  and  back  and  during 
the  later  stages,  in  nearly  all  oases. 


MalifjMnt  Tertian  Fever. 

If  there  is  pulmonary  congestion,  the 
cough  and  other  symptoms  come  on 
suddenly,  the  areas  affected  change  from 
one  to  the  other  lobe  or  lung,  and  may 
disappear  and  reappear  again  with  vary- 
ing intensity  ;  difficulty  of  breatliing'is 
very  pronounced,  circulatory  disturban- 
ces are  marked,  even  syncope  or  collapse 
may  occur. 

There  are  usually  restlessness  and  There  are  usually  relaxation,  prostra- 
anxiety.  tions  and  stupor. 


Peculiar  greyish  colour  of  skin, 
sometimes  slight  jaundice. 

Blisters  on  lips 

Anaemia  more  or  less  marked  early 
in  the  course. 


No  jaundice. 

Blisters  on  lips  rare. 

Anaemia  absent  except  in  later  stages. 

Characteristic  rose-coloured  rash. 

Distension  of  abdomen,  gurgling  and 
diarrhoea  appear  slowly  and  may  become 
well  marked. 


Has  a  fairly  characteristic  course  ; 
urine  high  coloured. 

Patient's  serum  agglutinates  typhoid 
bacilli  and  malarial  parasites  and  pigment 
are  absent  from  the  blood. 


Unaffected  by  quinine. 

Usually  endemic  but  may  be  epidemic; 
prevails  commonly  in  large  communities. 


No  characteristic  eruption 

At  times  there  may  be  distension  of 
abdomen  which  is  Ijut  slightly  pro- 
nounced and  is  paroxysmal.  Diarrhoea  is 
slight  or  absent  and  has  not  the  charac- 
teristics of  that  of  typhoid  fever. 

No  distinct  course,  urine  high  colour- 
ed ;  may  show  a  trace  of  bile. 

Patient's  serum  does  not  cause  agglu- 
tination of  typhoid  bacilli ;  malarial 
parasites  and  pigmented  leucocytes  are 
present  in  the  blood. 

Fever  disappeai's  under  quinine 

Is  an  endemic  disease  occurring  parti- 
cularly in  rural  districts ;  in  some  years  it 
is  epidemic. 

Prevention. — Preventive  measures  employed  under  a  clear  under- 
standing of  the  probable  ways  of  conveyance  of  the  disease,  as  a  rule, 
ensure  the  safety  of  others  against  infection  ;  nevertheless,  in  conditions 
of  close  association  with  the  infected,  the  measures  adopted  are  some- 
times ineffectual,  and  when  the  recognised  preventive  measures  are 
carried  out  in  a  faulty  way,  the  direct  transmission  of  the  disease  from 
subject  to  subject  is  by  no  means  uncommon.  Preventive  measures  are 
likely  to  fail  in  some  outbreaks  where  there  is  close  aggregation  of  many 
cases.  It  is  highly  probable  that  those  in  attendance  on  cases  are  infec- 
ted through  their  own  contaminated  hands,  either  immediately  or 
through  food,  or  through  the  air  around  the  patient  becoming  infected 
by  disregard  of  the  orthodox  rules  for  disinfection. 

Typhoid  fever  spreads  through  specific  pollution  of  water,  soil  or 
food  (especially  milk)  by  the  bacillus  of  the  disease.  It  can  only  be 
maintained  by  the  discharges  from  typhoid  fever  patients  and  typhoid 
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fever  "  carriers."  One  epidpmic  arises  from  contamination  of  water, 
another  fiom  contamination  of  the  soil,  a  third  from  infected  milk 
pr  from  eating  salads  grown  in  land  where  fresh  human  nmnnre 
was  used ;  in  another  again  from  eating  oysters  grown  in  water, 
contaminated  by  sewage.  Probably  a  certain  percentage  of  the  cases 
of  enteric  fever  are  from  specifically  contaminated  water  or  milk, 
and  if  these  are  both  boiled  for  a  few  minutes  all  the  germs  are  killed, 
and  that  proportion  of  cases  prevented.  Salads  should  never  be  eaten 
unless  washed  witli  boiled  water  that  has  cooled.  Uncooked  celery, 
lettuce,  beetroot  and  salads  generally  may  carry  the  germs.  Servants 
cannot  be  relied  on  to  prepare  salads  in  sucli  a  way  as  to  render 
them  quite  safe.  Where  fresk  faecal  matter  is  utilised  to  fertilise 
vegetable  gardens  there  is  always  risk  in  using  the  vegetables  although 
the  products  resulting  from  faecal  decomposition  have  no  such  eflfects 
(see  pp.  196, 

The  utmost  cleanliness  sliould  be  insisted  on  with  regard  to 
latrines  in  barracks  and  officers'  premises,  disinfectants  being  used 
freely.  All  carts,  pails,  and  utensils  taken  to  the  night-soil  depots 
should  he  thoroughly  cleaned  and  disinfected  before  their  return. 

The  process  of  freezing  does  not  kill  the  typhoid  fever  germ, 
therefore  ice  is  not  safe  if  the  water  from  which  the  ice  was  made  is 
infected. 


There  are  four  great  public  health  measures,  viz.^  a  pure  water- 
supply,  a  food-supply  free  from  specific  contamination,  especially  a  pure 
milk-supply,  proper  disposal  of  excreta,  and  the  isolation  of  all  persons 
acting  as  carriers  of  the  disease. 

It  is  now  generally  recognised  that  water-supplies  in  cantonments 
can  rarely  be  accused  of  being  concerned  in  disseminating  typhoid 
fever.  In  the  reports  published  by  the  Sanitary  Commissioner  with 
the  Government  of  India  for  the  year  1908,  there  was  no  single  out- 
break said  to  be  due  to  water  in  the  cantonments  of  India.  .Because  we 
now  recognise  that  infected  dust  and  flies,  and  infected  food  are  sources 
of  typhoid  fever  (and  probably  also  dysentery  and  infective  diarrhoea), 
we  cannot  for  an  instant  relax  our  vigilance  on  water-supplies — 
neglect  of  drinking  water  will  in  endemic  areas  be  rapidly  followed 
by  explosive  ei)idemics  of  the  disease. 

The  establishment  of  Government  and  regimental  dairies  under 
strict  medical  supervision  in  a  large  number  of  cantonments  has  jpro 
tanto  eliminated  another  factor,  the  tampering  with  milk  in  dirty 
utensils  by  the  gowallah,  and  it  is  earnestly  hoped  that  ere  long  in 
every  cantonment  this  possible  source  of  enteric  infection  will  b 
entirely  eradicated. 
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The  adoption  to  self-closing  fly-proof  doors  and  Hy-proof  windows 
to  all  barrack  and  station  hospital  kitchens,  which  in  the  barracks  of 
European  troops  (but  not  in  those  of  Native  troops)  is  now  universal 
should  render  the  access  of  flies  to  food  impossible.  There  are  also 
many  kitchens  of  officers'  messes  in  which  this  precaution  has  not  yet 
been  taken ;  no  officers'  mess  kitchen  should  be  without  this  protection- 
from  flies. 

In  a  lar^e  number  of  cantonment  latrines,  an  emulsion  of  cresol 
and  water  (1  to  320)  has  taken  the  place  of  dry  earth;  this  is  placed 
in  the  pvivy  pans,  and  acts  as  a  disinfectant  as  regards  the  typhoid 
bacillus,  and  prevents  flies  laying  their  eggs  in  the  excreta.  In  trenches 
badly  managed  there  are  swarms  of  flies,  and  the  night-soil  carts 
from  such  trenches  becoming  covered  with  them  carry  flies  back  to 
the  barrack  latrines.  In  several  cantonments  the  latrine  seats  are  pro- 
vided with  self  closing  lids  and  with  wire-gauze  doors  at  the  back  of  the 
s.eats  to  prevent  the  access  of  flies.  .  The  breeding  of  flies  in  dry  refuse 
and  stable  litter  has,  now  in  many  stations  been  greatly  reduced  by  the 
establishment  of  night-soil  incinerators. 

We  are  still  obliged  to  guard  against  all  the  known  possible 
sources  of  infection.  Concentration  of  efforts  of  prevention  in  one  or 
two  main  channels  only  is  certain  to  be  associated  with  failure. 

"  All  sound  methods  of  prevention  must  take  into  account  the  sources  from 
which  the  infection  is  derived,  viz.,  enteric  fever  patients  and  bacilli  carriers. 
Methods  of  prevention  which  fail  to  take  these  sources  into  consideration  can 
end  only  in  failure  and  disappointment.  It  is  necessary  to  find  out  and  isolate 
ail  those  who  harbour  infection,  and  with  this  object  in  view  particular  atten- 
tion should  be  paid  to  accurate  methods  of  diagnosis,  to  chronic  carriers,  and 
to  those  who  live  under  conditions  where  infection  is  to  be  expected,  liefore 
convalescent  enteric  patients  are  discharged  from  hospital  or  the  sick-room,  steps 
should  be  taken  to  ascertain  whether  they  are  free  from  infection,  and  any  wlio 
are  found  to  be  infective  sliould  be  detained  until  a  definite  conclusion  has  been 
arrived  at  as  to  whether  they  have  become  bacilli  carriers.  Bacilli  carrieis  should 
have  their  condition  explained  to  them,  and  they  should  be  warned  of  the  import- 
ance of  cleanly  habits.  Disinfection  of  tteir  excreta  should  be  insisted  on.  On 
no  account  should  they  be  employed  in  the  preparation  or  handling  of  fooJ,  milk,  or 


Fia.  81.— -Typhoid  bacilli  in  urine  of  convalescent,  after  a  relapse  and  two  day« 
after  the  temperature  had  permanently  become  normal.    (After  Ughton-Smith.) 


TN  PEACE  AND  FRONTIER  WARFARE  IN  INDIA. 


499 


di'iuk  supplies,  lu  a  word  they  should  be  de burred  from  any  kind  of  work  which 
gives  them  opportunities  for  infecting  other  people.  At  present  we  know  of  no 
safe  and  reliable  method  by  which  a  bacilli  carrier  can  be  made  free  from  infection. 
None  of  the  intestinal  or  urinary  disinfectants  that  have  been  used  are  reliable 
for  this  purpose."  i 

Amongst  the  indirect  measures  for  preventing  the  possibility, 
or  minimising  the  risk  of  latrine  infection,  aod  to  eradicate  endemic 
enteric  fever  in  large  cantonments,  the  following  may  be  mentioned  :— 
Quarantining  all  drafts  and  individuals  on  arrival,  isolation  of  all 
"  contacts,"  segregation  of  all  suspicious  cases  of  pyrexia  and  diarrhoea, 
thorough  disinfection  of  latrines  and  urinals  of  the  unit  concerned,  and 
segregation  of  the  enteric  fever  convalescents  for  whom  special  latrines 
and  urinals  should  be  pruvided,  all  theit  excreta  being  sterilised 
before  removal  to  the  trenches  (Lieutenant-Colonel  Glenn  Allen, 
K.A.M.C.).  In  some  stations  where  incineration  of  excreta  is  not  prac- 
tised, the  trenches  are  made  deeper  than  before,  and  placed  more 
remotely  from  barracks  which  diminishes  the  probability  of  flies  breed- 
ing, and  lessens  the  chances  of  their  coming  to  the  barracks. 

Investigations  of  Major  E-  D.  D.  Grieg,  I  M.S.,  in  Alsace  and  Lorraine.— 

Major  E.  D.  U.  Giieig,  I.M,8.  ,  in  his  report  on  the  various  measures  employed  in 
the  campaign  against  typhoid  fever  in  Germany  states  that  the  following  facts  are 
of  importance  in  this  connection  :  — 

1.  Typhoid  fever  is  spread  to  a  large  extent  by  the  bacilli  being  directly 
carried  from  the  sick  to  the  healthy;  e.g.,  infection  of  food,  the  use  of  contaminated 
eating  and  drinking  utensils,  etc.  In  this  form  of  so-called  contact  infectwn 
the  epidemic  has  a  gradual  onset  and  prolonged  course.  Should  the  bacteria  gain 
access  to  a  water-supply  used  by  a  number  of  persons,  then  a  large  number  of  cases 
occur  Bimultaneously— the  so-called  "explosive  epidemic  "  occurs.  The  medical 
workers  in  Germany  have  found  this  latter  mod«  of  infection  of  comparatively  rare 
occurrence  as  compared  with  the  former. 

2.  That  living  bacilli  may  continue  in  the  fasces  and  urine  for  long  periods 
after  tho  fever  has  ceased,  and  that  persons  who  give  no  history  of  previous 
attacks  of  fever,  but  who  have  been  in  contact  with  typhoid  cases  may  also 
harbour  the  bacilli  in  their  stools.  This  group  of  cases  is  a  very  important  one 
from  the  preventive  point  of  view— they  form  the  "bacilli  carriers'"  of  the  Germans. 
These  persons  are  in  fact  "  reservoirs  "  of  the  bacilli. 

3.  That  the  disease  may  run  a  very  mild  course,  especially  in  young  children 
and  hence  a  number  of  cases  may  escape  observation.    The  detection  of  these  cases 
forms  a  very  important  part  of  the  anti- typhoid  work. 

4.  That  a  disease  closely  resembling  t^rphoid  fever  clinically,  but  caused  bv 
typhoid'^feve?"^'  organism,  hacUlm paralyphosm  B.,  may  occur  at  the  same  time  as 

In  their  anti-typhoid  campaign  the  Germans  found  it  necessary  to  orsanisn 
scienti fie  institutions  near  the  typhoid  epidemic  to  enable  them  to  put  into  nracticn 
the  principles  of  investigation  and  prevention  indicated  in  the  above  statements 
The  German  Government  has  founded  11  such  institutions, each  with  a  superintend^ 
ent  and  two  or  three  trained  scientific  medical  men,  as  well  as  one  or  two  attendants 
in,.;  ^  anti-typhoid  campaign  in  AlsaC3-Lorraine.  These  institutions  are  fuUv 
equipped  for  the  scient.flo  work  required.  They  are  chiefly  employed  in  the 
prevention  of  the  spread  of  typhoid  amongst  the  civil  population  lUie  mqitarv 
population  which  is  a  large  one,  has  a  similar  organisation,  and  the  conditS 
°r  ^'^^^^^^''.'^  f°>-  c«rying  out  the  anti-typhoid  measures,  the  result 
show  a  satisfactory  reduction  of  enteric  fever  cases  amongst  the  troops 
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Basis  on  which  Germany's  anti-typhoid  campaign  is  founded —Kooii's 

•work  in  Alsace  and  Lorraine  wus  baseil  on  the  facts  tlial  (li  the  life  of  the  enteric 
bacillus  outside  the  human  body,  whether  in  earth  or  soil,  is  of  limited  duration  ; 
(2)  enteric  fever  cnBes  are  the  sole  origin  of  enteric  bicilli  ;  (3;  if  all  enteric  bacilli 
leaving  the  human  body  by  thu  excreta  aicine  and  fieces)  were  abcolutely 
destroyed,  if  all  persons  suffering  from  enteric  fever  were  completely  isolated  from 
all  others,  the  disease  would  come  to  an  end. 

Koch  in  the  investigations  connected  with  his  campaign  against  endemic 
onteri(!  fever  on  the  South-West  Frontier  of  Germany  (Alsace  and  Lorraine)  has 
shown  that  the  healthy,  or  at  least  nOu-specifically  sick,  can  harbour  typhoid 
bacilli  and  excrete  tliera  to  the  danger  nf  the  ])ublic  These  bacilli  carriers  have 
no  symptoms,  and  aie  apparently  in  perfect  health.  The  bacilli  are  excreted  in  the 
fajces  and  can  be  demonstrated  by  ordinary  methods.  Tiiese  bacilli  carriers  ara 
of  two  cl  iss-s— tile  "  acute  "  carriers,  who  have  been  in  direct  contact  with  enteric 
cnses  and  excrete  the  germs  of  the  disease  in  their  fieces  for  a  short  time  only  in 
.small  numbers  ;  and  the  ''  chronic"  carriers,  who  have  a  short  or  a  long  time  before 
gone  through  a  regular  attack  of  enteric,  and  may  excrete  for  luonths  puce  cultures 
of  the  typhoid  bacillus.  Of  482  cases  of  typhoid  fever  kept  under  bacteriologicsil 
■observation  durina  recovery,  63  were  found  to  excrete  the  bacillus  during  conva- 
lescence, but  only  8  for  longer  periods  than  six  weeks  after  the  fever  aabsided,  and  of 
these  S  one  was  excreting  bacilli  at  the  end  of  a  yenr  after  enteric,  the  other  "  for 
periods  of  from  11  mouths  to3  months. 

Whilst  we  know  that  cultures  of  bacilli  of  carriers  are  relatively  virulent  or 
pathosenic  to  guinea  pigs,  "we,  of  course,  do  not  possess  direct  proof  of  their  being 
so  toman,  but  from  the epidemioligical  observations  of  enteric,  the  proof  is  fairly 
convincing  of  numerous  ciises  of  carriers  conveying  the  disease  and  staiting  both 
sporadic  cases  and  even  small  epidemics.  Kor  practical  purposes  we  may  coi.sider 
that  no  person  can  be  a  carrier  unless  he  has  be?n  in  contact  with  an  enteric  case 
or  has  had  entericfeve;-. 

Lessons  from  Koch's  campaign  against  enteric  fever  in  Alsace  and 
Lorrains.-The  lessons  from  tliese  uivestigatioi.s  are- 

(1)  That  every  case  of  enteric  fever  should  ba  kept  in  hospital,  and  if 
necessary  under  observation,  until  bacilli  are  no  longer  to  be  discovered  in  his 
-excreta. 

(2)  That  the  urine  and  fa3Ces  shouU  be  disinfecle  I  and  incinerated. 

(3)  That  th3  hands  and  parts  about  the  anus  and  penis  should  always  be 
disinfected  after  each  evacuation. 

To  stamp  out  water-borne  epidemics,  the  prevention  is  the  same  as  for  contact 
cases— destruction  of  the  virus  as  it  leaves  the  infected  persons  in  addition  to  the 

sUrilisation  of  all  drinking  water. 

Enteric  prevention  includes  that  of  paratyphoid  fever.-The  remarks 

made  reoraiding  the  prevention  of  typhoid  fever  inc  -de  those  regarding  paru- 
t^nhoid  in  which  latter  disease  the  causative  microbe  is  morphologically 
cul  u"aW  and  in  other  respects  nearly  identical  with  that  ot  enteric  the  chnical 
differeuce  being  in  the  milder  severity  of  paratyphoid  fever  .see  p  504). 

Typhoid  fever  on  field  sQxyicQ—hn'porta'nce  of  early  diagnosis.— 
The  nrompt  and  early  diagnosis  of  enteric  fever  cases,  and  the  elimina- 
fion  from  the  healthy  of  all  persons  suflfering  from  symptoms  m  the 
W  way  resembling  enteric,  is  of  the  utmost  importance  on  field 
tirvice  The  ineHical  officer  of  units  cannot  be  expected  to  know  of 
the  existence  of  all  such  cases  at  once.  But  the  non-commissioned 
officers  of  sections  know,  or  ought  to  know,  everything  about  their 
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tnen,  and  they  should  be  Iield  responsible  that  every  case  with  even 
^io-ht  fever  or  diarrhoea  should  be  sent  to  hospital  at  once.  When 
the  medical  officer  sees  sucli  a  case,  he  is  not  likely  to  allow  him 
to  return  to  the  section  tent  until  he  has  assured  himself  that  the 
indisposition  is  of  a  temporary  nature,  and  when  in  the  least  doubtful 
as  regards  the  diagnosis,  he  will  safeguard  his  regiment  by  sending 
the  patient  on  to  a  field  ambulance. 

Isolation  of  dlL  doubtful  cases. — One  is  inclined  to  say  that 
every  case  of  fever  without  obvious  cause  occurring  in  European  troops 
on  field  service  should  be  isolated  until  its  nature  Is  diagnosed,  and 
in  doubtful  cases,  it  would  be  both  safer  and  more  judicious,  to  consider 
them  to  be  enteric,  until  such  a  diagnosis  is  disproved  by  the  clinical 
history  or  other  means.  Such  presumption  would,  one  believes, 
diminish  the  foci  whence  dissemination  of  the  disease  occurs. 

Complete  isolation  of  developed  cases  of  eyiter ic  fever. — In  this 
connection  one  has  no  hesitation  in  recommending  that  at  least  two 
160  lb.  tents  should  be  added  to  each  section  of  a  field  ambulance,  and 
4  for  every  100  beds  of  a  general  hospital  for  the  isolation  of  all  cases 
of  infectious  diseases,  such  as  typhoid  fever,  dysentery,  epidemic 
diarrhoea,  and  any  other  form  of  communicable  disease  occurring 
accidentally  ;  these  should  form  part  of  the  equipment  of  these  hospitals 
on  field  sprvice,  our  arsenals  providing  condemned  tents  for  this  special 
purpose.  One  is  even  disposed  to  include  all  cases  of  pneumonia  and 
malarial  fevers  in  this  category,  and  with  regard  to  the  latter,  when 
operating  in  a  malarious  country  during  the  endemic  malarial  season, 
all  cases  should  be  at  least  provided  with  mosquito  curtains. 

As  regards  enteric  medical  opinion  in  some  Continental  Armies 
is  strongly  in  favour  of  such  isolation,  and  in  certain  military  districts 
in  Crermany  (especially  on  the  South-West  Frontier  in  Alsace-Lorraine) 
at  Professor  Koch;s  suggestion,  this  was  carried  out  with  the  result  of, 
to  some  extent,  exterminating  enteric,  while  the  disease  in  the  civii 
population  of  the  same  districts,  without  such  isolation,  continued 
unabated. 


Portable  incinerators  for  excreta  of  enteric  fever  and  dysentery 
cases.— On  the  same  principle  one  would  also  advocate  the  addition  of 
at  least  one  portable  incinerator  for  each  section  of  field  ambulances 
Buch  as  are  in  use  in  many  hospitals  in  India  at  pre.sent,  for  the 
immediate  destruction  of  all  excreta  from  enteric,  diarrhcea  and 
dysentery  cases,  and  if  necessary,  those  of  cholera  ;  these,  however,  can 
.usually  be  improvised  from  the  materials  obtainable.  To  complete  these 
preventive  measures  it  would  be  necessary  to  add  some  readily  soluble 
inexpensive,  portable,  coloured  disinfectant,  for  all  such  excreta,  to  be 
used  anterior  to  destruction  by  heat,  e.g.,  the  solution  of  the  perchloride 


502  PKEVKNTION  OF  DISEASE 


of  mercury  soloids,  a  three  inoutbs'  supply  of  which  soloids,  calculated  oa 
requiring  it.  for  3  per  cent,  of  the  force,  might  accompany  each  field  am- 
bulance In  general  hospitals  there  will  not  be  the  same  difficulties  to 
contend  with  as  regards  the  isolation  of  such  cases,  destroying  excreta, 
and  i)reventing  the  spread  of  these  diseases.  In  this  connection  one 
constantly  recalls  the  state  of  the  field  hospitals  and  their  surroundings 
generally  in  Karuppa  towards  the  end  of  our  5  weeks'  occupation  of  that 
camp  in  1897 — in  the  two  sections  (for  50  beds)  of  the  Native  Field  Hos- 
pital there,  we  had  sometimes  over  that  number  of  dysentery  cases  alone, 
which  had  to  be  ^Missed  towards  the  base  daily ;  both  medical  officers 
with  these  sections  suffered  from  acute  bacillary  (camp)  dysentery 

Anti-typhoid  vaccination. — Sir  Almkoth  Wright  discovered  a 
method  of  enhancing  the  resisting  power  of  the  blood  against  the  typlioid 
bacillus  without  giving  the  disease.  He  found  that  if  the  dead  germs  of 
typhoid  fever  are  made  into  a  vaccine  and  injected  under  the  skin,  they 
bring  about  an  immunity  to  typhoid  fever  for  a  time.  This  process 
is  called  anti-typhoid  vaccination.  It  is  harmless  and  only  causes 
slight  indisposition  for  from  24  to  48  hours  the  first  time,  and  for 
half  a  day  or  so  the  second  time  it  is  used.  The  second  injection 
follows  the  first  at  an  interval  of  8  days.  The  vaccine  now  used 
is  simply  a  culture  of  the  typhoid  bacillus  grown  in  broth,  killed 
by  heat  and  with  the  aid  of  lysol  which  acts  as  a  disinfectant;  these 
remove  all  possibility  of  any  living  microbes  being  inoculated.  It  is 
a  complete  sterile  vaccine  prepared  with  the  utmost  care,  standard- 
ised with  mathematical  accuracy,  and,  on  the  whole,  gives  the 
person  inoculated  much  less  worry  than  an  ordinary  successful  vacci- 
nation against  small-pox.  One  has  watched  the  way  in  which  this  vac- 
cine is  prepared  in  the  Royal  Army  Medical  College,  at  .Millbank,  and 
can  assert  that  there  is  no  possibility  of  any  impurity  gaining  access  to 
the  vaccine  at  the  College.  The  balance  of  opinion  amongst  mihtary 
medical  officers  of  experience  is  in  favour  of  anti-typhoid  vaccination 
as  a  preventive.  This  remark  has  special  application  regarding  field 
service  if  outbreaks  of  that  disease  are  for  any  reason  anticipated. 
The  dead  bacilli  and  their  products  injected  in  this  process  undoubtedly 
react  on  the  blood  of  the  person  inoculated  in  a  way  to  show  that  his 
system  is  prepared  to  resist  the  action  of  the  enteric  bacillus,  if  it 
sains  access.  Such  anti-typhoid  vaccination  renders  those  inoculated 
less  susceptible  to  the  disease,  and,  in  the  event  of  their  getting 
enteric  it  lessens  the  chance  of  the  disease  ending  fatally.  Ibe 
anti-typhoid  inoculation  committee  at  home  some  years  ago  stated 
that  it  was  satisfied  that  the  records  which  were  available  furnished 
nroof  that  the  practice  of  anti-typhoid  inoculation  in  the  Army  had 
resulted  in  a  substantial  reduction  in  the  incidence  and  death-rate  from 
enteric  among  the  inoculated.  In  later  investigations  they  express 
much  m^e  p^ositive  opinions  in  its  favour.  Personally  one  considers 
question  to  be  outside  the  region  of  doubtj  all  evidence  is  in 
favour  of  anti-typhoid  vaccination. 
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The  following  table,  compiled  by  the  l*rincipal  Medical  Officer, 
His  Majesty's  Forces  in  India,  gives  the  results  of  anti-typhoid  inocu- 
lation in  16  British  regiments  in  India  and  the  Colonies  and  between 
October  1905  and  April  1908  :— 

Inoculated.  Nou-inoculatetl, 

Strength                   ...  ...  ...  5,473  6,511 

Cases  of  typhoid  fever  ...  ...  21  187 

Deaths        ...             ...  ...  ...  2  26 

Case  incideuceper  100  ...  ...  3"8  28-3 

The  inoculated  therefore  have  everything  in  their  favour — thej 
are  much  less  liable  to  the  disease,  and  if  they  get  it,  they  have  seven 
times  a  better  chance  of  recovery  than  the  non-inoculated. 

The  figures  dealt  with  in  those  two  tables  are  large,  and  place  the 
question  of  the  benefits  of  inoculation  beyond  all  doubt.  All  men 
who  have  not  had  typhoid  fever,  should  be  made  to  understand  these 
results  and  the  risks  they  run  without  inoculation. 

Since  January  1905,  each  regiment  leaving  England  for  foreign 
service  has  had  a  specially  trained  medical  officer  attached  to  it  whose 
duty  is  to  carry  out  anti-typhoid  inoculations,  to  verify  the  diagnosis  of 
enteric  fever  by  modern  scientific  methods,  and  to  collect  sratistical 
information  as  to  the  protective  effects  of  the  vaccine.  Anti-typhoid 
inoculations  are  now  being  carried  on  as  rapidly  as  is  reasonably 
possible  in  this  country.  Up  to  the  30th  September  1910,  of  a  strength 
of  70,4  93  European  troops  in  India,  no  fewer  tham  46,448  had  been 
properly  inoculated  against  typhoid,  that  is,  received  two  or  more  doses 
of  the  vaccine. 

Further  anti-typhoid  inoculation  experience.— Oxer  5  000  German 
troops  going  to  South- West  Africa  were  inoculated  with  large  doses 
in  increasing  activities  of  anti-typhoid  vaccine  three  times  at  intervals 

:   f^i*  vaccine  consisted  of  typhoid  bacilli  killed  at  140°  F 

protected  with  0-3  per  cent,  of  carbolic  acid.    The  disease  attacked 

ff^l'A,,'"   V   '^"Z"''''''^^*'''^  non-inoculated-of  the  former 

exactly  100,  and  of  the  latter  324.    Of  the  inoculated  30  had  bTen 
inoculated  only  once,  52  twice,  and  18  three  times.    Of  the  non- 
inoculated  il  l  percent,  died,  25-3  percent,  were  severe,  213  per  cent 
of  average  severity  42-3  slight.    Of  the  inoculated  4  per  cent,  died,  3  of 
the  4  whodied  had  only  been  inoculated  once;  10  per' cent  were  severe 
20  per  cent.,  average,  and  66  per  cent,  slight  (see  also  p.  404).  ' 

fever'^^rf'T  -^"""m  encourage  men  to  be  inoculated  against  typhoid 
fever.    Considering  the  care  and  accuracy  with  which  the  anti-tvpho  d 
vaccine  IS  now  prepared,  there  does  not  appear  to  be  any  ^aso^  whv 
all  recruits  at  home,  intended  for  service  in  India,  sLuld  not 
inoculated  m  the  same  way  as  they  are  vaccinated  against  small-pox 
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l*AliATY]MIOID  KkVEU; 

In  late  years  a  group  of  cases  of  continued  fever  lias  been  recog* 
nised  wliidi  give  rine  to  the  general  signs  and  syniptonis  of  typhoi4 
lever,  tlioiigli  iiiiicli  less  severe,  but  in  which  the  serum  does  not  agtjliiti- 
.nate  the  typboid  bacillus.  This  is  called,  'paraiyplioid  fever.  The 
bacillus  of  this  fever  lins  certain  characters  sinnilar  to  those  of  the 
true  typhoid  bacillus,  and  ajipears  to  be  intermediate  between  it  and 
the  bacilhis  coH  covimuvis.  This  bacillus  bas  been  called  the 
paratyphoid  bacilhis  (of  which  there  are  two  varieties  A  and  B)  and  it 
is  agglutinated  by  the  serum  of  the  cases  in  which  it  cccms.  The 
intpstinal  ai:d  other  lesions  of  the  disease  are  not  those  characteristic 
of  typhoid  fever.  The  disease  is  seldom  fatal,  although  annually  some 
cases  die  from  it  in  Europeans  troops.  It  usually  occurs  sporadieallyj 
but  it  may  be  epidemic. 

Prevention- — The  preventive  measures  are  the  same  as  for  typhoid 
fever  except  that  inoculation  against  it  has  so  far  not  been  practised. 

Typhus  Fever. 

This  is  an  acute  specific  infectious  disease  which  iu  its  typiciil  form  is 
characterised  by  sudden  commeucemeut,  fever  which  lasts  about  a  fortnight,  au 
erviption  of  dark  spots  which  may  run  together  and  form  blotfthes  (patechire), 
mavked  disturbance  of  the  nervous  system,  v\-ith  a  tendency  to  merge  into  the 
tYi)hoid  state  and  end  by  crisis.  The  disease  is  met  with  occasionally  thrcughout 
India  especially  iu  jails,  asylums,  and  amongst  garrison  troops  and  giings  of 
coolie' labourers  It  oi-curs  chiefly  r.mongst  the  poorer  classes  -md  in  the  over- 
crowded and  insanitary  parts  of  towns  and  cities.  It  is  a  disease  of  yc  ung  adult 
life  mostly  occurring  "in  persons  iiom  25  to  35  years  of  age,  and  is  highly  intee- 
tiou'a  to  all  who  are  brought  into  intimate  contact  with  the  infected  patients. 

Typhus  fever  lias  in  bygone  periods  been  a  terrible  disease  in 
armies  It  used  to  be  called  camp,  jail,  hospital  ^polial  fever. 
It  is  recorded  that  in  the  Bavarian  Army  in  1812,  2:-5,OUU  otl8,0U0 
men  died  of  it.  In  the  Husso-Turkish  War,  after  the  battle  of  Plevna, 
half  the  Russian  force  of  120,0(10  men  weie  rendered  Uors  de  combat 
bv  the  disea^e.  Typhus  fever  was  common  in  our  Army  50  or  60  years 
ao-o  esi)ecially  at  home,  but  now  only  occurs  occasionally  in  an  epidemic 
fol-m  Its  chiefly  predisposing  cause  was  overcrowding,  uncleanlmess 
of  houses  and  person,  and  defective  diet. 

The  period  of  intubation  averages  about  12  days.  l^°^f,^,f:\;\'";;:i^^^^^ 
in  some  ..fses  it  has  apparently  been  only  a  day  or  two,  in  others  it  ha.  extem.ed 
to  at.out  three  weeks. 

/sthe fever  progresses  the    '>  V  ^fore  cra^^^^^^  dilated  there  is  reten- 
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falls  about  the  13tli  or  Utli  day.  or  a  few  days  later,  profuse  sweating  occurs,  and 
diarrhoea,  or  discharge  of  urine  in  large  quantities  takes  place  ;  then  the  patient 
gains  strength  and  convalesces  speedily.  Typhus  is  distinguished  from  typhoid 
fever  by  the  following  main  characteristics  :  — 

Typhus.  Typhoid. 
Attacks  both  sexes  and  all  ages  and        Occurs  chiefly  in  the  young,  from  15 
is  usually  traceable  to  infection.  to  25  years  of  age,  much  less  frequently 

after  40. 

It  is  during  this  period  that  Peyer's 
patches  and  the  solitary  glands  (the 
lymphatic  glands  in  the  intestines)  are 
most  fully  developed ;  they  atrophy  as 
age  advances,  and  after  50  years  are 
comparatively  small. 


The  invasion  is  sudden  ;  the  head 
symptoms  are  severe,  delirium  with 
contracted  pupils  usually  occurring  to- 
wards the  eud  of  the  first  week.  The 
eruption  which  appears  as  mulburry 
spots  between  the  4th  aud  5th  day,  does 
not  completely  disappear  on  pressure,  and 
continues  as  one  crop  until  the  fever 
ends.  The  rash  occurs  all  over  the  body. 
Diarrhoea  is  seldom  present  except  at  tlio 
last  stage  or  during  the  crisis. 


Typhus  prevails  most  frequently 
amojigst  the  poor  aud  is  a  disease  of 
adult  life.  It  is  thought  to  be  greatly 
predisposed  to  by  bad  diet  and  over- 
crowding. The  disease  runs  its  course 
in  from  14  to  21  days  and  is  most  danger- 
ous at  the  end  of  tlae  second  week. 


The  invasion  is  insidious,  the  pre- 
monitory symptoms  lasting  about  a  week. 
The  abdominal  organs  are  much  affected ; 
there  is  diarrhoea,  frequently  bleeding 
from  the  bowels,  the  abdomen  is  distend- 
ed, and  pain  is  felt  on  pressure.  There  is 
low  muttering  delirium  aud  dilated 
pupils.  The  eruption  occurs  as  small 
slightly  elevated  rose-coloured  papules, 
less  than  the  size  of  half  a  pea.  In  2  or  3 
days  the  spots  fade  away,  to  appear  again 
in  other  parts.  They  disappear  on  pres- 
sure. They  are  usually  scanty  but  very 
characteristic. 

The  rich  and  healthy  are  often  attack- 
ed. It  is  caused  by  a  specific  microbe 
{hacillua  typhosus). 

The  pollution  of  drinking  water,  food, 
especially  milk,  by  the  bacillus  is  the 
most  frequent  cause  of  the  disease. 


The  cause  of 
known. 


the  disease    is  not 


Typhus  fever  is  most  frequently 
fatal  before  the  15th  day,  never  after 
the  20th.  The  teudeucy  to  death  is  by 
coma. 


Relapses  are  common.  The  fever  lasts 
from  3  to  fi  weeks;  its  maximum  inten- 
sity is  during  the  third  week.  It  is 
mostly  fatal  after  the  18th  day.  The 
tendency  to  death  is  by  progressively 
increasing  weakness. 

Prevention— The  main  points  are  free  ventilation  of  barracks,  houses  and  huts 
and  cleanhness,  personal  and  domestic.  Provision  of  facilities  for  bathing  is  indi' 
cated.  The  spread  of  the  disease  may  to  some  extent  be  prevented  by  isolation  and 
disinfection  of  those  infected,  and  of  everything  in  their  neighbourhood.  Those  in 
attendance  on  the  sick  should  avoid  unnecessary  contact,  as  the  contagion  is  more 
intense  in  the  immediate  vicinity  of  the  patient.  All  attendants  should  wear  a  aown 
or  cloak  that  fastens  at  the  wrists  aud  neck.  The  clothes  worn  by  the  palient 
immediately  before  and  during  the  attack  are  to  be  thoroughly  disinfected  The 
bedding  and  furniture  of  the  sick  room  must  also  be  completely  disinfected  and 
finally  the  room  itself.  The  exclusion  of  biting  flies  or  vermin  may  eventuallv 
be  found  to  be  an  important  preventive  measure.  ' 

Epidemic  Cerebiio-Spinal  Fevee— "  Spotted  Fevek." 

This  an  acute,  specific,  infectious,  maliguant,  epidemic  aud  sporadic  fevop 
associated  with  mfiammation  of  the  membranes  covering  the  btaiu  and  .spIS 
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cord  and  is  manifested  by  sudden  invasion,  high  feVer,  painful  contraction  of  the 
muscles  of  the  neck  and  retraction  of  the  head,  grave  nervous  complications  and 
lesions  of  the  brain  and  spinal  cord  and  their  membranes.  In  certain  epidemics 
It  IS  accompanied  with  profuse  eruptions  of  dark  patches  on  the  surface,  and 
sometimes  with  effusion  into  the  joints.  It  is  caused  by  a  special  microbe,  called 
memnffococcus  (or  diplococusi  inlrdcdlularia  vimhujilidia. 

The  disease  occurs  epidemically  and  sporadically.  It  is  mainly  a  disease  of 
young  adult  life.  It  is  to  a  limited  extent  infectious'  and  occasionally  possibly 
contagious  through  the  micro-organism  in  the  nasal  secretion.  The  method  of  spread 
of  the  disease  is  not  definitely  known.  It  is  possibly  commenced  as  an  epidemic 
in  lower  animals.  It  is  greatly  predisposed  to  "by  insanitary  surroundings, 
starvation  and  fatigue.  The  specific  microbe  occurs  in  the  fluids  which  bathe  the 
brain  and  spinal  cord,  in  the  blood  in  about  2.5  per  cent,  of  the  cases,  and  in  the 
upper  respiratory  passages,  especially  the  chambers  of  the  nose.  It  is  often  present 
in  the  nose  in  the  early  stages  of  the  disease.  It  chiefly  occupies  certain  forms  of 
white  blood  cells,  especially  the  polymorphonuclear  variety  ip.  150).  It  may  be 
cultivated  outside  the  body,  is  readily  stained,  and  is  easily  recognised  under  the 
microscope. 

Symptoms  —The  invasion  is  sudden  with  a  shivering  fit ;  there  is  intense  pain 
at  the  back  of  the  head  and  neck  extending  down  the  spine  ;  giddiness,  vomiting, 
delirium,  -which  is  succeeded  by  apathy,  and  in  some  cases,  by  coma.  The  whole 
body  is  very  sensitive  and  may  be  painful  to  the  touch.  The  temperature  may  be  but 
little  raised,  or  be  as  high  as  104  or  106"  F.  The  pulse  is  variable,  and  the  skin 
is  usually  hot.  Skin  eruptions  may  appear  from  the  first  to  the  third  day,  when  the 
patient  may  temporarily  appear  to  be  better.  Then  the  symptoms  are  aggravated, 
fever  increases  and  diarrhoea  may  set  in.  There  may  be  various  localised  paralyses, 
or  one  side  of  the  body  may  be  paralysed.  E.vhaustiou  and  emaciation  come  on 
rapidly,  and  the  typhoid  state  is  early  established,  loss  of  sensation  sets  in  and  the 
patient  soon  succumbs.    If  he  survives  progress  towards  recovery  is  very  slow. 

The  eruption  of  purple  patches  which  sometimes  occurs  cau.sed  the  disease  to 
be  called  "spotted  fever.  "  These  spots  usually  begin  on  the  legs,  and  may  involve 
the  whole  body. 

A  considerable  number  of  complications  may  arise,  such  as  pneumonia,  pleurisy, 
inflammation  of  the  pericardium,  pus  formations  in  the  joints,  disease  of  the  eye, 
deafness,  etc.  There  is  always  marked  rigidity  of  the  body  and  a  tendency  to 
backward  bending  of  the  nock  and  spine,  sudden  onset  and  rapid  course,  and  skin 
eruptions. 

Prevention. — The  indications  are  to  maintain  cleanliness  of  person, 
clothes,  bedding ;  strict  attention  to  the  sanitary  condition  of  the 
barracks  or  camps  and  their  surroundings,  prevention  of  overcrowding 
and  free  ventilation. 

Malta  Fever. 

Synonyms. — Undulant  Fever — Mediterranean  Fever — Gibraltar 
Fever. 

This  is  a  specific  infectious  disease  characterised  by  long  duration 
with  a  series  of  attacks  of  irregular  undulating  fever  and  intervals  of 
freedom  of  varying  duration,  rheumatic-like  pains  in  the  joints  and 
limbs,  copious  sweats,  constipation,  enlargement  of  the  spleen  and 
frequent  relapses.  It  is  due  to  a  special  microbe  {yiiorococcus  meliten- 
sis).  There  is  no  characteristic  rash,  but  fleeting  redness  or  small 
sweat  pimples  or  vesicles  are  common.    The  disease  sets  in  insidiously. 
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Malta  fever  is  now  known  to  occur  in  many  stations  in  India, 
so  far,  however,  chiefly  in  Northern  India.  The  order  prohibiting 
the  introduction  of  female  goats  into  all  regimental  lines  has  been 
followed  by  a  reduction  in  the  admissions.  The  use  of  the  milk  of 
infected  goats  is  the  most  likely  way  of  acquiring  the  disease.  The 
disease  is  not  communicable  from  one  person  to  another  directly. 

New  arrivals  iu  an  epidemic  area  are  innst  liable  to  it.  It  attacks  mostly  those 
between  the  ages  ot  15  and  .30  years.  It  occurs  chiefly  during  the  months  of  July, 
August  and  September,  but  may  be  met  with  at  any  time  of  the  year  in  this  country. 
One  attack  gives  but  short  immunity  ;  some  authorities  even  consider  that  one 
attack  predisposes  to  future  attacks.  "The  mortality  is  low,  2  per  cent.  Death  may 
arise  from  high  temperature,  lieart  failure,  gradual  weakness,  or  complications.  The 
incubation  period  is  from  2  to  30  days,  but  usually  about  10  to  14  days.  There  are 
usually  several  days  during  which  the  patient  suffers  from  headache,  loss  of 
appetite,  malaise,  and  sleeplessness,  before  active  symptoms  come  on. 

The  microbe  of  the  disease  is  a  small  micrococcus  which  occurs  singly  or  in 
pairs,  is  inactive,  and  has  special  characters  in  its  method  of  growth  in  particular 
nutrient  media.  It  can  live  for  long  periods  iu  the  dry  state.  It  agglutinates  in 
the  serum  of  infected  persons  in  high  dilutions  (1 — 80  and  over).  It  can  be  inocula- 
ted into  monkeys  giving  rise  to  the  same  symptoms  as  in  man.  The  disease  has  on 
several  occasions  been  communicated  to  man  by  accidental  inoculations  of  the 
micrococcus  in  bacteriological  laboratories.  The  microbe  is  found  in  the  spleen, 
liver,  kidneys,  lymphatic  and  salivary  glands,  blood,  bile,  urine  and  milk.  It  does 
not  occur  iu  the  expired  air,  the  sweat,  saliva  or  on  the  surface  of  the  skin.  It 
occurs  in  very  small  numbers  in  the  surface  blood  (.from  which  it  may  be  culti- 
vated), hence  the  improbability  that  biting  insects  are  a  means  of  carrying  the 
disease.  The  urine  is  the  principal  means  by  which  the  microbe  leaves  the  body. 
It  is  aLso  discharged  in  the  fasces.  The  microbe  occurs  in  large  numbers  in  the 
spleen.  It  is  a  very  hardy  germ.  It  can  live  for  80  days  in  dust,  and  in  water  for  a 
month,  but  it  has  never  been  found  naturally  iu  the  air,  dust,  soil  or  water,  and  none 
of  these  have  been  found  to  be  concerned  in  the  natural  spread  of  the  disease  The 
microbe  enters  the  blood  from  the  alimentary  canal  through  the  mucous  mem- 
brane, and  brings  about  a  regular  blood-poisoning,  which  causes  enlargement  of 
the  spleen. 

Whilst  the  microbe  has  been  found  in  the  stomach  of  musquitoes  that  have  fed 
on  persons  suffering  from  the  disease,  neither  these  nor  any  other  kind  of  biting 
fly  have  been  proved  to  be  capable  of  disseminating  the  disease  from  man  to  man. 

The  duration  of  the  disease  is  variable,  but  it  is  usually  from  50 
to  60  days ;  it  may  go  on  for  many  months,  sometimes  for  over  a  year. 

The  main  diagnostic  signs  are  the  wavy  temperature  chart,  and 
the  shifting  joint  affections  supplemented  by  the  serum  reaction. 

Malta  fever  has  to  be  distinguished  from  typhoid  fever,  acute 
rheumatism,  malaria  and  kala-azar.  The  serum  reaction  is  a  definite 
means  of  diagnosis,  as  the  serum  agglutinates  the  micrococcus  in  dilu- 
tions of  1  to  80  readily,  and  even  in  1  to  200  or  higher.  The  agglutina- 
tion test  when  properly  carried  out  with  a  virulent  culture  of  the 
microbe  is  reliable  when  the  germs  clump  in  a  1  in  50  dilution  of 
patient's  serum  within  30  minutes.  If  negative  at  first  it  should  be 
tried  on  two  or  three  occasions  during  the  disease,  as  the  agglutinating 
power  of  the  serum  varies  pericdically  during  the  course  of  the  disease. 
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Personally,  one  is  convinced  that  Malta  fever  is  much  more  prevalent 
in  India  than  is  generally  considered  to  be  the  case,  and  it  is  necessary 
to  be  on  the  lookout  for  it  in  all  places  where  goat's  milk  is  used. 

Since  July  1906  goat's  milk  has  not  been  issued  to  troops  in 
Malta,  with  the  result  that  the  cases  of  Malta  fever  have  dropped  to 
less  tlian  one-twelfth  of  what  they  were  previously,  and  the  latest 
statistics  indicate  that  the  disease  has  been  practically  eradicated  from 
troops  in  Malta  (see  p.  187', 

The  only  preventive  measure  necessary  is  the  avoidance  of  goat's 
milk,  or,  at  least,  the  complete  sterilisation  of  it  by  boiling  before  use. 
Female  goats  should  not  be  allowed  in  regimental  lines. 

Influenza. 

Influenza  is  an  acute  specific  infectious  disease,  characterised  by  fever  and 
symptoms  mainly  affecting  the  respiratory,  digestive  or  nervous  systems,  and  by 
prolonged  prostratiou  during  convalescence.  Epidemics  are  most  frequent  in  winter 
when  respiratory  diseases  are  most  prevalent.  Adults  between  20  and  40  years  of 
age  are  the  most  susceptible,  young  and  very  old  people  are  less  often  attacked. 
Sedentary  occupations  predispose  to  it. 

Tbe  disease  is  caused  by  a  very  small  rod-shaped  bacillus  {bacillus  inflnejiza) 
which  is  motionless,  and  occurs  sini^iy,  in  pairs,  and  short  chains.  It  is  found  in  the 
phlegm  coughed  up,  it  may  sometimes  be  fouud  post-mortem  in  other  partp,  such  as 
the  heart,  nervous  system,  etc.,  and  occasionally  in  the  blood.  The  infection  is 
conveyed  in  the  secretions  of  the  nose  and  lungs.  The  period  of  incubation  is  from 
a  few  hours  to  six  days. 

Symptoms— The  onset  is  sudden,  sometimes  beginning  with  a  chill  or 
shivering  fit.  There  are  frontal  headaciie  and  backache,  pains  in  tlie  bones  and 
muscles,  weakness,  lassitude  and  unaccountable  depression,  phy.^ical  and  mental. 
The  temperature  rises  rapidly  to  102  or  e\en  104°F..  but  is  often  irregular  and 
may  run  higher  ;  the  skin  is'hot  and  dry,  there  is  running  from  the  eyes  and  nose, 
and  symptoms  of  bronchitis  with  some  difHculty  in  breathing,  the  upper  part  of  the 
air  tubes  usually  beiug  attacked.  There  is  generally  more  or  less  irritation  or 
inflammation  of  the  nose  and  throat.  Bleeding  from  the  nose  is  not  uncommon. 
There  is  general  soreness  of  the  muscles  of  the  back  and  limbs  and  complete  loss 
of  appetite.  The  pulse  is  weak,  tongue  coated,  the  bowels  usually  constipated, 
urine  scanty  and  high  coloured,  or  profuse  and  lighter  coloured  than  normal. 

In  mild  cases  convalescence  sets  in  after  a  couple  of  days,  but  leaves  a  feeling 
of  considerable  prostration  for  some  time.  In  more  severe  cases  after  the  first  tew 
davs  the  disease  may  assume  one  of  three  types  :  ( 1 )  Respiratory  or  catarrhal  type,  in 
which  the  chief  symptoms  are  those  of  inflammation  of  the  respiratory  tract, 
esneciallv  bronchitis  or  pneumonia  ;  (2)  Gastro-inleslinal  or  abdominal  type,  in  which 
disturbance  of  the  digestive  tract  is  most  marked;  there  is  pain  at  the  pit  of  the 
stomach  vomiting  and  sometimes  jaundice  (some  of  these  cases  simulate  severe 
tvpTioicl  fever  with  a  sudden  onset);  (3)  Nervous  or  cerebral  type,  v^hiohjis- 
wbances  of  the  nervous  system  predominate,  and  which  closely  simulate  a  certain 
form  of  tVPhoid  fever;  the  initial  pains  are  more  severe,  and  after  the  disease 
ibiTes  the  heart  becomes  slowed,  or  irregular,  and  there  are  sometimes  severe 
paroS'^miS  pain  over  the  heart  and  great  depression.  In  some  cases  there  may 
be  delirium  or  coma. 

Cases  running  an  uncomplicated  course  usually  get  better ;  in  old  people  the 
disease  may  be  fatal,  usually  from  pneumonia.    Relapses  are  common. 

Zf.t  li!cLT^^s!Lvr^^tirere  is  a  thick  glairy  phlegm  discharged,  sometime 
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with  streaks ot  blood;  the  nasal  secretion  becomes  thicker  ;  with  recovery  there  is 
often  a  profuse  watery  diarrhoja.    Occasionally  there  is  tonsillitis. 

In  what  is  known  as  the  typlioid  type  the  course  of  the  disease  may  be  prolonged 
and  the  temperature  continue  high  ;  the  prostration  is  extreme. 

In  all  types  the  action  of  the  heart  may  be  very  feeble  and  heart  failure  is 
always  a  threi.tening  danger.  In  the  course  of  the  disease  one  of  many  compli- 
cations may  arise,  such  as  nervous  disorders,  neuritis,  neuralgia,  hMmorrhage^  from 
mucous  passages,  disease  of  the  kidneys,  heart  complications,  pus-formation  in 
joints,  etc. 

The  duration  of  influenza  is  variable.  It  may  last  less  than  48  hours,  or  con- 
tinue for  weeks.  Usunlly  the  acute  symptoms  last  for  3  or  4  days  to  a  week,  but 
the  weakness  and  depression  continue  "much  longer.  Convalescence  may  be  tardy, 
the  temperature  may  be  below  normal  for  some  weeks,  and  there  may  be  free 
perspiration  especially  on  exertion. 

Prevention. — The  possibility  of  infl.ucnza  occurring  in  a  field 
force  is  not  to  be  lost  sight  of,  !is  it  may  be  a  serions  cause  for  delaying 
military  operations.  Hitherto  preventive  measures  have  practically 
failed  under  all  circumstances,  and  except  in  the  earlier  cases,  under 
the  conditions  in  wliich  our  Indian  Army  are  encamped  on  field  service, 
it  is  practically  hopeless  to  attempt  them.  There  is  no  known  method 
of  preventing  the  spread  of  this  disease,  although  a  ten-grain  dose  of 
quinine  is  recommended  by  some  authorities.  It  is  obviously  necessary 
to  send  every  case  to  hospital  as  soon  as  any  signs  of  the  disease  appear. 


Dengue. 

Synonyms. — Break-bone  Fever — Dandy  Fever. 

Dengue  is  an  acute  epidemic  specific  and  infectious  disease  characterised  by 
fever,  serere  pains  in  the  bones,  joints  and  muscles,  and  subsequently  by  an 
eruption.  The  period  of  incubation  is  from  3  to  5  or  6  days.  The  invasion  is  sudden 
with  high  fever  (104-"  to  106^  F  ),  the  joints  being  swollen  and  reddened  After  the 
fever  has  lasted  3  or  4  days  it  subsides  ;  but  at  the  end  of  from  2  to  4  days  a  second 
paroxysm  accompanied  with  fever  occurs.  Convalescence  is  slow,  but  complica- 
tions are  rare. 

It  is  endemic  in  certain  low-lying  districts  such  as  those  of  lower  Bengal  ; 
it  becomes  epidemic  and  spreads  like  influenza  over  vast  areas,  diffusing  rapidly 
along  the  lines  of  commerce  and  travel,  and  its  undoubted  transmission  from 
person  to  person  in  some  way  to  regions  not  previously  infected,  stamps  it  as  an 
infectious  disease.  The  disease  as  usually  seen  occurs  epidemically  and  is  highly 
infectious,  and  once  it  appears  in  a  cantoument  practically  every' man  gets  it"  It 
may  occur  twire  or  oftener  in  '  he  same  person;  the  immunity  acquired  by  each 
attack  is  of  comparatively  short  duration.  The  specific  cause  of  the  disease  has 
so  far  not  been  discovered.  A  specific  bacillus  has  on  but  slight  evidence  been 
associated  with  it,  and  both  Cidex  faligans  a.x\(\  Stegomyia  calopm  have  been  incrimi- 
nated as  carriers  of  it.  There  is  much  evidence  to  support  the  view  that  Cnlex  fati- 
(/a?i«  is  capable  of  spreading  the  disease  from  man  to  man.  The  fact  that  the  disease 
has  been  limited  to  geographical  regions  in  which  this  mosquito  thrives  is  sicruificant 
in  this  respact.  When  the  blood  of  nii  infected  person  is  injected  into  the  veins 
ot  a  healthy  per.son,  the  latter  gets  the  disease. 

Prevention.— The  dissemination  of  the  disease  cannot  be  prevented  bv  anv 
known  agency.  At  one  time  full  doses  of  quinine  were  advocated  as  a  pronh vlaeVip 
but  they  have  been  proved  to  be  useless,  The  short  period  of  immnuitv  acrinirpil' 
by  an  attack  indicates  that  it  arises  from  an  antitoxin  that  does  not  last  long  in  the 
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body.  The  disease  is  so  infectious  that  neither  local  nor  general  segregation  of  the 
infected  is  of  any  avail.  In  view  of  the  possibility  of  Cwfe  faligam  disseminating 
the  disease,  the  use  of  mosquito-nets,  both  by  the  infected  and  healthy,  is  indicated 
during  epidemics  of  the  disease.  Very  widespread  epidemics  of  dengue  have 
°  Army  m  India,  usually  after  intervals  of  many  years,  that  of 
1871-72  having  passed  through  the  whole  continent  of  India.         '  " 

Plague. 

Synonyms.— Pestis — Bubonic  Plague. 

Plague  is  an  acute  specific  infectious  disease  characterised  by 
rapidity  of  onset  and  course,  great  virulence,  fever,  great  constitutional 
disturbance,  extreme  depression,  accompanied  by  buboes,  or  inflamma- 
tion of  the  lungs,  or  blood-poisoning  ;  it  is  due  to  the  presence  in  the 
internal  organs,  blood  and  tissues,  of  a  special  bacillus  {bacillus  instis). 
The  disease  attacks  all  ages  and  both  sexes. 

Plague  in  an  epidemic  form  has  continued  in  this  country  since 
1896,  and,  notwithstauding  every  practicable  effort  to  stamp  it  out, 
continues  more  or  less  unabated  in  various  parts  of  India.  During 
the  last  14  years  in  India  it  has  been  one  of  the  greatest  scourges  that 
has  ever  occurred  in  the  history  of  disease  in  modern  times. 

It  still  continues  to  kill  off  from  3,000  to  5,000  persons  every  week.  The 
present  epidemic  of  the  disease  actually  began  in  the  Yunnan  Province  of  China 
about  1890,  spread  through  China,  then  to  Hong-Kong  and  India,  reaching 
Bombay  in  1896  and  Calcutta  in  1897.  Plague  has  occurred  epidemically  for  many 
years  in  Kula  and  in  the  Kurram  Valley.  In  its  epidemic  centres  rats  and  other 
animals  are  known  to  die  of  plague,  and  rats  specially  are  one  of  the  means  of 
carrying  the  disease  from  place  to  place  both  by  land  and  sea. 

Plague  has  in  the  past  travelled  with  armies  and  led  to  great 
mortality.  Our  European  troops  have  been  practically  free  from  plague. 
Those  who  have  got  it  have  usually  been  infected  wliile  on  duty  in 
plague  infected  places,  or  have  acquired  the  disease  in  infected  towns, 
villages  or  bazaars.  Considering  that  our  Native  troops  are  quartered 
in  many  places  in  which  plague  has  existed  more  or  less  epidemically 
for  years,  the  number  of  cases  that  occur  are  comparatively  small.  The 
conditions  of  life  in  barracks  are  not  such  as  foster  the  dissemination 
of  this  particular  disease. 

Overcrowding,  defective  ventilation,  insanitary  surroundings,  and 
insufficient  or  defective  diet,  are  its  main  predisposing  causes. 

The  essential  cause  of  plague  is  a  specific  bacillus  (which  has  responded  to  all 
the  tests  required  to  prove  that  a  microbe  is  the  cause  of  the  disease,  p.  412). 
The  bacillus  grows  rapidly  in  the  blood  and  internal  organs  of  rats,  and  when  it 
spreads  amongst  them  produces  what  is  called  an  epizootic,  which  corresponds 
to  an  epidemic  m  man.  There  is  very  strong  proof  that  it  is  through  rats  that 
plague  is  spread  to  man.  Kats  feed  on  the  bodies  of  other  rats  that  have  died 
of  plague  or  on  food  which  has  been  specifically  contaminated  and  then  they 
set  It  themselves;  they  are,  however,  chiefly  infected  through  their  own  fleas.  The 
Heas  coming  from  rats  suffering  from  plague  are  instrumental  in  giving  the  disease 
toman  Before  and  during  an  epidemic  outbre.ik  of  plague  in  a  town  or  village,  a 
great  number  of  rats  die,  and  if  the  blood  and  internal  organs  ot  these  rats  are 
examined,  they  are  found  to  be  crowded  with  plague  bacilli. 
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The  plague  bacillus  brings  about  a  natural  epizootic  in  rats  ;  this 
is  the  real  disease,  which  affects  man  secondarily.  There  are  manj 
species  of  Heas  ;  each  species  is  parasitic  in  particular  animals,  but 
when  that  a-iimal  dies  or  is  not  in  the  neighbourhood,  tlie  fleas  feed 
vicariously  on  other  mammalia.  The  chief  rat  flea  which  carries  plague 
from  rats  to  man  is  Pulex  cheopis- 

Atmospheric  temperature  has  little  effect  on  the  breeding  of  fleas, 
but  excessive  moisture  and  dampness  damages  the  flea,  kills  the  larvJE, 
and  interferes  with  development,  young  fleas  after  being  hatched  out 
can  live  for  a  week  or  two  without  a  feed  of  blood,  and  tlien  if  it  does  not 
feed,  it  dies.  Infection  by  the  plague  bacillus  does  not  affect  the  health 
of  the  flea  as  far  as  we  know.  The  flea  selects  the  spot  it  is  going  to  bite, 
then  pierces  it  with  the  labium,  making  a  hole  wliich  tlie  mandibles  en- 
large ;  through  grooves  which  are  contained  in  the  mandibles  it  pumps 
saliva  into  the  skin.  The  saliva  irritates  and  dilates  the  blood  vessels, 
and  from  them  the  blood  is  sucked  up  a  tube  formed  by  the  union  of  the 
mandibles  with  the  labrum,  this  tube  being  in  the  skin  while  the  suction 
is  going  on.     Through  the  wound  so  made  the  bacilli  are  inoculated. 

There  are  several  species  of  rats  in  India,  all  of  which   are  very 
susceptible  to  plague.    The  two  chief  rats  concerned  in  plague  in  this 
country  are  Mus  rattus  and  Mus  decnmanus.    The  Mus  rattiis  is  a 
slender  rat  with  a  pointed  snout,  large  projecting  ears,  prominent 
large  eyes,  greyish-black  coat,  and  long  tail.    This  is  the  black  rat. 
The  tail  is  brownish  in  colour,  regularly  ringed,  and  is  much  longer  than 
all  the  rest  of  the  animal.    The  colour,  of  the  body  varies.    It  is  essen- 
tially a  domestic  rat,  living  in  thatch  or  tiles  of  the  roof,  in  holes  and 
excavations  or  spaces  in  the  floor,  and  in  certain  trees  such  as  the 
cocoanut.    The  Mus  decumanus  is  a  large,  heavy-looking  rat,  with 
a  tapering  tail,  brown  on  the  back,  dirty '  white  on  the  belly,  flesh- 
coloured  feet,  round  short  ears,  and  a  broad  heavy  muzzle.    This  is  the 
brown  ?ewer  rat,  and  the  one  which  invades  the  grain  cargoes  of  ships 
It  IS  the  real  plague  rat  of  Bombay,  it  is  very  prolific,  giving  .several 
litters  of  from  8  to  10  yearly.    The  infection  in  Bombay  firsC  rises  in 
the  Miis  decum'X7ms  and  ten  days  later  in  the  AIiis  rattus,  showing 
that  the  disease  was  acquired  by  the  latter  from  the  former.  There 
are  usually  only  about  half  as  many  fleas  on  the  latter.    But  it  i.«  from 
the  fleas  of  the  Miis  rattus  that  man  chiefly  acquires  the  infection  on 
account  of  its  domestic  habits.    The  epizootic  begins  to  rise  about  12 
days  before  the  disease  occurs  epidemically  in  ma,.    "  This  period  is 
calculated  to  be  made  up  of  .3  days  during  which  the  flea  leaves  the 
npH  Jlf  /        "  added^  another  3  days  which  is  the  incubation 
penod  of  plague  in  man  and  51  days,  which  is  the  average  duration  of 
th...  fatal  illness  in  man"  (Casticelani  and  Chambkrs). 

As  soon  as  ty  epidemic  occurs  amongst  rats,  the  healthy  ones 
eave  the  infected.     The  fleas  also  desert  the  dead  and  dying^  rats 
and  seek  some  vicarious  host.    As  the  black  rat  dwells  near  Ln  f 
the  epidemic  is  amongst  them,  fleas  from  them  attack  man  and  then 
an  epidemic  is  commenced.    If  the  epidemic  is  amongst  brown  rats 
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the  chanceti  of  infection  are  couciiderably  less.  '  The  fact  that  infected 
fleas  communicate  the  disease  from  rat  to  rat  ii5  now  beyond  all  doubt, 
and  this  is  not  limited  to  the  ordinary  form  of  the  rat  flea,  but  may 
also  be  communicated  through  the  dog  flea  and  fleas  of  other  animals. 
There  are  several  cases  on  record  also  which  appear  to  indicate  that 
infected  rat  fleas  could  liave  been  the  only  way  the  disease  was  commu- 
nicated to  man.  Direct  commuracation  of  the  disease  to  various 
animals  by  specifically  infected  fleas  has  been  carried  out  repeatedly 
under  the  most  carefully  conducted  experiments. 

Infection  in  man  occurs  through  (1)  the  breathing  channels  giving 
rise  chiefly  to  pneumonic  'plague,  which  is  highly  infectious  directly 
from  person  to  person  ;  {2)  through  the  alimentary  canal,  probably  the 
method  of  origin  of  the  very  dangerous  form  called  septiccemic  plague; 
(3)  by  flea  bites  and  very  seldom  abrasions  or  cracks  or  wounds  on  the 
skin  caxLsxng  bubonic  iDlague.  Bubonic  plague,  hy  inv  the  commonest 
form,  is  usually  conveyed  through  rat  fleas,  or  by[direct  inoculation  of 
bacilli  into  some  broken  surface  of  the  skin.  Bubonic  plague  is  probably 
also  disseminated  by  clothef  infected  with  discharges  from  plague 
patients.  The  bacilli  may  gu^in  entrance  to  the  blood-vessels  through 
damage  to  the  walls  in  the  veins  in  the  primary  bubo,  and  this  may  give 
rise  to  the  septicsemic  form  of  the  disease  and  further  bubonic  enlarge- 
ments. The  microbe  leaves  the  body  by  the  expectoration  and  to  a  less 
extent  by  other  excreta  ;  the  pus  in  the  swellings  of  bubonic  plague  con- 
tains the  germ  in  almost  pure  culture.  Whilst  pneumonic  plague  is  de- 
cidedly infectious,  the  other  forms  of  the  disease  are  not  readily  trans- 
mitted directly  from  the  infected  to  the  healthy.  We  know  that  infection 
is  derived  from  some  source  outside  the  body,  bvit  it  is  probable  that 
the  soil  of  infected  areas  is  only  occasionally,  if  at  all,  responsible  for 
its  spread.  It  is  well  known  that  the  microbe  may  be  conveyed  from 
place  to  place  by  clothes  and  merchandise,  as  well  ns  through  rats. 

Bacillus  pestis.— The  bacillus  ot  the  disease  is  quite  characteristic.  It  is  a 
comparatively  short  rod-shaped  microbe,  with  a  thick  body  aud  rounded  encis,  is 


Fig.  b2.-  Plague  bacilli. 
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motionless,  has  one  or  two  flagelLi,  and  presents  characteristic  staining  at  i)oth 
ends  unjer  the  microscope.  It  is  very  easily  deiecte.l  in  slaiiied  preparations  of 
Imbo  pus,  piilegm  from  the  lungs,  and  in  certain  cases  from  the  blood.  It  is  also 
characterised  by  ihe  fact  that  if  it  is  grown  in  peptone  broth  made  slightly  alkaline 
and  covered  with  (/hce,  in  about  a  week  colonies  of  the  bacillus  will  form  stalac- 
titic  growths  fro:n  tlie  uuder-snrface  of  the  layer  of  (/hee.  The  bacillus  of 
plague  is  killed  by  exposure  to  the  direct  sunlight  for  half  an  hour,  by  heating  to 
17(3''  F.  fo;-  5  minutes,  and  is  readily  killed  by  ordinary  disinfectants,  it,  howevpr, 
resists  cold,  ami  m;iy  be  frozen  for  months  without  injury. 

All  forms  of  insanitation,  accumulations  of  filth  near  houses,  bad 
conservtincy  arrangements  in  towns,  overcrowding  of  houses  and  areas, 
and  want  of  ventilation,  are  potent  factors    in    assisting    plague  to 
locate  itself  in  cities  and  towns.    This  has  been  well  shown  in  the 
comparative  exemption  of  persons  dwellings  in   the  midst  of  epiden'ic 
plague,  but  who  live  healthy  lives  amidst  good  hygienic  surroundings. 
The  dirtier  and  more  insanitary  parts  of  a  town  are  actively  attacked, 
whilst  tlie  cleaner  and  more  sanitary  places  usually  escape.  Doctors 
and  nurses,  who  are  clean  in  their  habits^  rarely  get  ths  disease  from 
plague  patients,  especially  when  the  hospitals  they  work  in  are  well 
ventilated.    Good  sanitary  state  of  tlie  house  and  surroundings  as  beino- 
opposed  to  rats  and  rat  fleas,  and  the  reverse  in  insanitary  places, 
explains  the  occurrence  of  the  disease  in  certain  quarters  of  towns  and 
cities  and  the  exemption  of  others.    Europeans  living  under  insanitary 
conditions  in  epidemic  areas  acquire  the  disease  quite  as  readily  as 
indigenous   inhabitants.     Plague  is  comparatively  slow  in  invading 
new  centres,  yet  once  it  has  established  itself  in  a  place  it  is  very 
diflBcult  to  eradicate. 

Symptoms.  —  With  plague  there  are  rarely  any  premonitory  symptoms  The 
onset  IS  sudden  ;  there  is  sometimes  a  short  sharp  shivering  fit.  The  temperature 
rises  rapidly,  the  face  is  flushed,  the  eyes  are  red,  the  expression  anxious  the 
patient  often  having  a  dazed  and  frightened  look;  there  is  vomitincr  headache 
the  gait  js  reeling  or  staggering  like  that  of  a  drunken  m;m,  and  there  is  a  sreac 
tendency  for  the  patient  to  wander  from  his  hed.  The  speech  is  thick  indistinct 
and  peculiar,  the  tongue  is  swollen,  thickly  coated  with  a  white  fur  drv  and  red 
at  the  tip  and  edges;  the  headache  is  severe  au(i  frontal,  the  pulse  frequent  and 
or  diarrhrea^  compressible.    There  is  great  depression.    There  may  be  constipation 

^Bubonic  plague.— The  temperature  rises  rapidly  attaining  its  mavimurn  on 
the  third  day,  and  there  is  frequently  early  delirium.  The  patient  gets  into  a  verv 
low  condition  and  death  often  occurs  about  this  time.  In  from  2  to  8  davs  from  the 
beginning  of  the  symptoms  a  lymphatic  gland,  or  series  of  glands  ill  the  groin 
neck,  or  armpit  enlarges  rapidly,  is  painful  and  extremely  tender.  The  buboes  are 
most  common  in  the  groin  and  upper  part  of  the  front  of  the  thigh,  less  common 
m  the  armpits,  least  common  below  the  angle  of  the  jaw.  They  are  usuallv  lar^a 
and  come  sing  y,  and  the  skin  over  them  is  inflamed.  The  p.tient  biS 
weaker,  an  apathetic  condition  arises,  he  is  unable  to  speak  distinctly  ofTen 

rfi"rlt°timp  ^  Tif'  ^'^^     ''"^^y-  ^'^'^  d^l'™  ^'^^         «^t  in  for 

n  «v  hpJL  f    .^li^"""®  IS  greatly  lessened  in  quantity.     Now  the  temperature 

8t"/dav^  If  th'iTP'  P/'^'"  "^prove,  and  the  fever  may  disappear  by  tl  e  7U,  or 
Ht  i  day.  If  the  temperature  does  not  go  down  below  100'  F.,  it  is  possible  that 
tl.  ter^nif/'^'  ^'''^  ^lood,  Or  that  some  complica  ion  hL^arisen  Or 

h  tnni^^ni  "'^  may  Suddenly  drop  and  the  patient  die  from  heart  fa  lur"  In 
bubonic  plague  convalescence  occurs  from  Mie  6th  to  lOth  day,  but  tl  e  b.'hr 
goes  on  enlarging,  breaks  down,  and  is  discharged  in  the  form  of  uu!  nnH 
sloughs  which  may  go  on  for  weeks.    In  the  ordfnary  form  o^  l  ubouirplaguc 
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the  bacillus  is  not  found  in  the  surface  blood  till  just  before  death.  The  tame 
is  the  cftse  with  pneumonic  plague,  lii  SHpticemic  cases  the  bacillus  is  found  in 
the  finger  blood  from  the  beginning.  In  all  cases  the  number  of  ■white  cells  in 
the  blood  is  markedly  increased. 

Pneumonic  plague. — In  this  type  the  initial  features  are  the  same 
as  those  of  the  bubonic  variety  ;  instead,  however,  of  a  bubo  making  its 
appearance,  the  breathing  becomes  accelerated  and  accompanied  by  a 
cough,  the  sputum  is  reddish  and  copious  and  contains  myriads  of 
plague  bacilli  in  pure  culture,  'I'here  are  all  the  signs  of  patchy  pneu- 
monia over  both  luugs.  It  is  a  very  fatal  form  of  plague,  death  occur- 
ring on  the  third  or  fourth  day.    It  is  highly  infectious. 

Septicsemic  plague. — This  is  a  virulent  type  of  the  disease  due 
to  the  invasion  of  the  blood  by  plague  bacilli  in  great  numbers. 
The  general  symptoms  are  in  the  main  the  same  as  those  of  bubonic 
plague.  There  are  no  buboes,  but  post-nnortem  all  the  lymphatic  glands 
are  found  to  be  swollen  and  inflamed.  The  bacilli  are  readily  found 
in  the  blood.  It  gets  in  rapidly,  is  associated  with  symptoms  of  pro- 
found blood-poisoning  and  great  nervous  prostration — delirium,  stupor 
or  great  restlessness.  There  may  be  involuntary  evacuations  of  the 
bowels,  bleeding  from  the  nose,  kidneys  or  bowels.  If  the  patient  lives 
to  the  fourth  or  fifth  day  buboes  may  appear. 

Ambulatory  plague  or  Pestia  minor. -Some  cases  of  plague  are  Tery  mild, 
BO  much  80  that  the  patient  is  able  to  walk  about,  and  in  doing  so  diffuses  the  disease 
amongafc  the  healthy— this  is  ambulatory  plagne  or  pestia  minor.  In  it  there  is 
usually  the  painful  enlargement  of  one  of  the  glands  in  the  groin,  slight  con- 
stitutional disturbance,  the  temperature  ri^es  to  100^  or  101^  F.,  and  recovery  begins 
in  two  or  three  days;  sometimes  these  cases  begin  an  epidemic  or  may  succeed  a 
severe  epidemic  that  is  dving  out.  These  cases  are  a  grave  source  of  danger  in  any 
community,  as  they  are  unnoticed,  yet  spread  the  disease.  During  convalescence 
there  is  great  prostration  for  some  lirae. 

After  recovery  frnm  all  types  of  plague  the  patient  may  snffer  from  weakness 
of  the  heart  with  attacks  of  fainting,  paralysis  of  muscles,  septic  infections, 
gangrene  of  the  lungs,  etc. ;  the  tpleen  and  kidneys  are  enlarged  and  often  the 
liver  also. 

The  mortality  varies  in  different  epidemics ;  in  the  usual  bubonic 
form  it  is  70  per  cent,  amongst  natives  and  20  per  cent,  amongst  Euro- 
peans.   SepticEemic  and  pneumonic  plague  are  almost  always  fatal. 

Prevention.— The  special  public  preventive  measures  to  be  taken 
Include— the  discovery  of  all  early  cases,  establishment  of  a  plague 
hospital,  segregation  of  the  infected,  isolation  of  all  '^  contacts,  dis- 
infection, destruction  of  rats,  compulsory  notification  of  cases,  prophy- 
lactic inoculation,  and  proper  disf.osal  of  the  dead  Every  possible  means 
should  be  adopted  to  discover  all  cases  of  ^"^t^ulatory  plague  and  s  ght 
attacks  of  the"^  disease,  and  cases  of  pneumonta  and  "  fever  occurring 
in  the  same  neighbourhood-in  all  probability  some  of  these  latter  are 
tilaffue  To  do  this  properly  barrack  to  barrack,  house  to  house,  or  hut  to 
Sut^vliitaL  may  be  n'TceLry.    In  all  cases  of  doubt  a  bacteriological 
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exarainution  of  phlegm,  blood  and  matter  extracted  from  buboes  should 
be  carried  out.  Rigorous  isolation  of  patients  should  be  carried  out 
and  continued  for  a  month  after  recovery. 

Segregation  and  Disinfection. — All  cases  in  cantonments  should 
when  possible  be  treated  in  a  permanent  or  temporary  infectious  diseases 
hospital.    The  question  as  to  the  advisability  of  moving  the  rest  of  the 
infected  regiment  into  camp  may  have  to  ba  seriously  considered,  if  only 
for  a  brief  period  to  permit  of  thorough  disinfection  of  the  area  and 
the  destru-ction  of  all  rats.    Sick  attendants  should  hs  inoculated  with 
anti-plague  vaccine.    Similarly  all  persons  living  in  an  infected  barrack, 
house  or  hut  should  be  inoculated.    The  excreta  of  the  patients,  their 
clothes,  and  the  utensils  used,  the  attendants  on  the  sick  and  their 
clothes,  and  the  room,  house  or  hut  in  which  the  case  or  cases  occurred, 
are  all  to  be  thoroughly  disinfected.    In  this  the  action  of  sunlight  and 
exposure  of  the  area,  if  necessary  by  unroofing,  and  free  ventilation,  are 
important.  The  plague  bacillus  is  killed  with  corrosive  sublimate  solution 
(1 — 1,0!  0),  carbolic  acid  solution  (1 — 100),  and  permanganate  of  potas- 
sium (1 — 50,000).  Clothes  may  be  disinfected  by  boiling  for  half  an  hour 
or  by  means  of  steam  (p.  425).    Alt  barracks,  houses  and  huts  that  have 
been  occupied  by  plague  patients  should  be  avoided.    It  is  particularly 
necessary  to  avoid  walking  in  bare  feet  in  dwellings  that  are  infected. 
Flushing  of  streets  and  roads  with  chloride  of  lime  solution  (I  pound  to 
10  gallons  of  water)  is  useful  in  infected  areas,  and  special  attention 
should  be  given  to  disinfection  of  drains  and  latrines.    One  of  the  most 
important  things  to  do  in  a  plague-smitten  cantonment  is  to  kill  all 
the  rats  possible  in  it.    The  destruction  of  rats  on  a  large  or  a  small 
scale  may  theoretically  appear  to   be  an  easily  accomplished  task, 
but  in  actual  pr-actice  it  is  extremely  difiScult.    Rats  like  all  smaller 
animals   have  natural  enemies   such  as  cats,  owls,  etc.,  but  under 
ordinary  circumstances  these  do  not  reduce  their  numbers.    The  most 
practical  methods  of  reducing  them  are  by  means  of  rat  traps,  cats,  rat 
poisons,  and  the  employment  of  microbes  that  are  destructive  to  rats 
but  harmless  to  other  animals.    On  a  small  scale,  when  vigorously 
used,  these  methods  are  successful,  but,  except  in  the  last  named,  they 
take  some  time  to  operate  in  a  generalised  campaign  against  rats. 
There  are  two  or  tliree  special  bacilli  in  use  at  present  for  disseminating 
destructive  disease  amongst  rats,  and  that  most  in  use  in  India  is 
Danyz  bacillus  (probably  the  BacilUs  typhi  murium),  which  is  the 
cause  of  an  epidemic  disease  amongst  harvest  mice  in  some  years  in 
Europe.    It  has  been  largely  used  in  India,  but  the  results  have  not 
been  satisfactory,  as  it  has  been  found  that  it  rapidly  loses  it  virulence 
in  this  country.    Rats  may  also  be  destroyed  in  barracks,  houses  and  huts 
by  means  of  sulphur  dioxide  gas  diffused  through  the  Clayton  apparatus 
(p.  427;.    The  destruction  of  rats  by  cantonment  authorities  is  a  public 
health  measure  that  should  be  legislated  for  in  plague-stricken  areas. 
Destruction  of  xats  should  be  carried  out  in  anticipation  of  i>lacrue 
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especially  where  it  is  likely  to  occur.  If  rats' are  exterminated  before 
the  plague  is  imported,  tliere  should  be  little  difficulty  in  preventing  its 
spread.  As  soon  as  dead  rats  are  found  they  should  be  incinerated,  and 
the  houses  in  which  they  were  found  disinfected.  Tlie  excreta  of 
infected  rats  are  crowded  with  plague  bacilli.  All  conditions  favourable 
to  the  existence  of  rats  should  be  removed,  and  as  far  as  practicable 
tlieir  exclusion  from  houses  effected.  Tlie  most  scrupulous  cleanliness 
of  persons,  of  all  individual  houses  and  their  surroundings,  and  of 
streets,  together  with  the  best  ventilation  and  ahtcndance  of  light 
are  the  most  reliable  measures  for  stopping  the  spread  of  the  disease. 
A  house  kept  in  u  ^tate  of  sanitary  cleanliness  and  well  ventilated, 
well  lighted,  on  a  dry  site  and  free  from  rats,  is  not  likely  to  become 
a  plague  focus. 

Comimhory  notification.— imperative  duty  (seep.  405). 
Strict  watch  should  be  kept  on  all  natives  employed  iu  tlie  lines, 
especially  on  servants  and  hawkers. 

Disposal  of  the  dead.— The  body  should  be  vi?ashed  with  a  1  -  - 1 ,000 
corrosive  sublimate  solution,  wrapped  in  one  or  more  sheets  saturated 
with  the  same  solution  and  preferably  cremated  (see  p.  436). 

Haffkine's  prophylactic  vaccine. — This  consists  of  a  broth  and 
qhee  culture  of  the  bacillus  of  plague  which  is  killed  by  heat  and  then 
sterilised  by  the  use  of  carbolic  acid.    A  six  weeks'  old  cultivation  of 
the  bacillus  is  heated  for  an  hour  at  158"  F.  About  150  minims  of  this 
vaccine  is  injected  under  the  skin.     It  gives  rise  to  slight  fever 
(100°  F.orso),  slight  headache,  and  discomfort,  lasting  36  hours.  This 
vaccine  is  so  standardised  that  we  know  almost  exactly  how  many  of 
the  germs  are  inoculated  with  each  dose  of  the  vaccine.    It  gives 
healthy  people  protection  for  from  7  to  9  months.    If  used  during  the 
incubation  period  it  sometimes  aborts  the  disease.    In  an  endemic 
area  the  percentage  of  recoveries  in  those  inoculated  is  much  higher 
than  those  not.    Haffkine's  anti-plague  vaccination  has  been  successfully 
employed  on  a  large  scale  in  India,  it  has  reduced  the  number  of  cases 
and  considerably  lessened  the  death-rate  in  those  inoculated.    Of  2,197 
persons  inoculated  out  of  a  population  of  6,033  in  an  epidemic  area, 
only  30  died  of  plague,  while  of  the  non-inoculated  1,482  died,  a  differ- 
ence of  82  per  cent,  in  favour  of  inoculation.    With  reference  to  the 
effects  of  anti-plague  vaccination,  the  following  statement  is  abstracted 
from  an  official  report  of  plague  in  the  Punjab  for  the  year  1904  :— 
"Amono-  639,630  non-inoculated,    49,433  (or  7-7  per  cent.)  cases 
occurred''   with  29,733  (or  4-7  per  cent)  deaths;    among  186,797 
inoculated  3,399  cases  (1-8  per  cent.)  occurred  with  814  (0-4  per  cent  ) 
deaths     The  number  of  cases  was  thus  reduced  to  less  than  one-fourth, 
fhP  T.roDortion  of  deaths  to  cases  to  less  than  one-half,  and  the  total 
death-rate  from  plague  to  less  than  one-tenth  of  what  it  was  amongst 
the  non-inoculated. "    It  is  probable  that  the  minimising  effects  of  the 
vaccine  begin  very  rapidly,  and  Haffkinb  considers  that  it  may  arrest 


IN  PEACE  AND  FRONTIKR  WARFARE  IN  INDIA. 


517 


the  incubating  disease,  or  favourably  influence  its  progress,  in  persons 
already  infected.  He  is  of  opinion  that  the  European  race  is  physiolo- 
gically less  sensitive  to  plague  than  are  the  people  of  India,  and  he  is 
inclined  to  believe  that  possibly  this  is  the  reason  why  protection  con- 
ferred by  inoculation  is  higher  and  more  lasting  in  the  European* 

If  livincf  in  a  plague  district,  it  is  advisable  to  get  inoculated 
against  the  disease.  In  such  a  district  any  one  is  liable  to  accidental 
exposure  to  infection  by  plague  bacilli,  either  through  infected  clothes, 
infected  places  or  infected  persons.  Nurses,  nursing  and  ward  orderlies 
working  amongst  plague  cases  should  always  be  inoculated.  They 
should  be  scrupulously  careful  as  to  cleanliness  of  their  hands  when 
on  duty,  never  take  their  meals  in  the  patient's  room,  and  take  regular 
airing  for  a  few  hours  every  day. 

In  plague  areas  all  bazaars  and  towns  should  be  placed  out  of 
bounds — men,  both  European  troops  and  Native  troops,  and  followers 
should  be  prohibited  from  going  to  infected  areas  and  furlough  to  such 
areas  should  be  stopped  while  the  disease  continues. 

Plague  on  field  service. — The  possibility  of  plague  on  field  service 
should  not  be  forgotten,  although  it  is  not  likely  to  affect  a  well- controlled 
army  under  discipline,  even  when  moving  in  an  infected  country.  The 
exemption  of  armies  in  the  field  from  this  scourge  of  civil  life  in  India, 
may  be  explained  by  the  absence  from  camps  of  the  chief  disseminator 
of  the  disease  — the  rat  flea.  If  the  disease  is  prevalent  in  the  civil 
community,  however,  and  such  a  country  must  be  invaded,  tlie  question 
as  to  the  advisability  of  the  general  use  of  anti-plague  vaccination 
of  all  ranks  will  have  been  considered  by  the  command  authorities. 
There  is  abundant  evidence  that  inoculation  of  this  vaccine  lessens 
the  chance  of  getting  the  disease,  that  if  acquired,  it  is  less  severe,  and 
it  considerably  lessens  the  chance  of  the  person  inoculated  dying  from 
the  disease. 

Small-pox— Variola. 

Small- pox  is  an  acute,  contagious,  infectious  and  specific  disease 
which  sets  in  with  severe  fever,  headache,  pain  in  the  back,  vomiting 
and  more  or  less  prostration,  followed  by  an  eruption,  which  at  first 
consists  of  papules,  these  become  vesicles  and  finally  pustules ;  there 
is  a  distinct  remission  of  the  fever  when  the  eruption  appears,  and 
this  remission  continues  until  the  pustules  form.  The  pustules  dry  up 
and  form  scabs  which  fall  oflf  about  the  2()th  day  of  the  disease,  and 
leave  a  pitted  appearance  of  the  skin  (pock-marks).  The  fever  is  pro- 
duced by  an  unknown  microbe  that  manufactures  toxins  which  are 
very  depressing  in  their  effects,  and  open  the  way  for  infection  of  the 
tissues  by  other  microbes  which  cause  the  secondary  fever. 

«  W.  M.  Haffkine,  CLE.,  I]ulktin  dr  rinslittU  Pasteur,  October  30,  1908. 
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The  infectious  material  exists  in  the  secretions,  excretions,  pus* 
tules,  and  probably  in  exhalations  from  the  lungs;  the  skin  conveys 
it  through  the  medium  of  the  eruption.  The  infectious  element 
of  the  disease  is  difiScult  to  destroy  and  remains  active  for  long  periods. 
Hence  the  urgent  necessity  of  the  very  radical  measures  that  are  neces- 
sary in  the  disinfection  of  barracks,  bouses  and  huts  that  have  become 
infected. 

The  disease  may  be  conveyed  through  the  air  for  some  distance, 
certainly  several  hundred  yards.  It  is  probable  that  flies  and  vermin 
may  convey  the  disease.  The  patient  ceases  to  be  infective  only  when 
the  last  bit  of  desquamating  bkin  has  been  removed.  The  severity  of 
the  disease  bears  no  relation  to  that  of  the  case  from  which  it  is 
acquired 

In  1909  there  were  156  admissions  for  small-pox  in  the  Army  in 
India  as  compared  with  only  62  in  1908.  It  is  almost  impossible  to 
improve  on  our  present  method  of  vaccination  and  re-vaucination.  The 
cases  of  small-pox  that  occur  in  practically  all  regiments  are  sporadic, 
showing  that  the  disease  cannot  at  present  lay  hold  of  men  properly 
protected  by  vaccination  and  revaccination. 

The  infective  agent  of  small-pox  has  not  been  discovered.  Whatever  its 
nature,  it  is  contained  in  the  pustules.  The  poison  lasts  unimpaired  in  its  virulence 
in  the  scales  and  scabs,  and  b\  their  disintegration  there  is  no  doubt  that  an 
infective  dust  may  arise.  The  lody  of  a  person  dead  of  small-pox  is  infective  for 
several  days  at  least. 

The  poison  is  very  persistent  and  tenacious,  and  can  be  conveyed  by  clothes, 
bedding,  carpets,  curtains,  screens  and  furniture  that  have  been  in  the  same  room  as 
an  infected  person,  and  it  may  be  conveyed  in  the  clothes  of  healthy  persons  who 
have  been  in  contact  with  smull-pox  cases.  The  neighbourhood  of  dhobies  Inits  is 
dangerous  when  small-pox  is  prevalent.  It  is  apt  lo  be  spread  at  the  outset  of 
epidemics  by  patients  who  have  a  modified  attack,  and  it  often  hippens  that  home- 
less persons  carry  infection  from  place  to  place,  and  into  lod^ing  houses  and  huts; 
public  premises  "nnd  conveyances  may  also  be  thus  infected.  When  small-pox 
patients  are  collecte  l  in  hospital,  air-currents  often  seem  to  transmit  the  dise.ise  for 
a  quarter  of  a  mile  or  more.  At  the  fame  time  it  is  very  difficult  to  eliminate 
entirely  the  possibility  of  transference  in  other  ways.  Second  attacks  of  small-pox 
are  rare,  third  attaCKs  are  exceedingly  so. 

No  disease  is  so  preventable  as  small-pox.  This  very  pre ventability  is  one 
of  the  greatest  triumphs  of  the  medical  art.  There  are  now  many  uifetancea 
recorded  in  which  it  has  been  almost  entirely  stamped  out  in  large  communitu'S  by 
vaccination  properly  carried  out  (see  p.  521 1.  It  may  be  said  tiiat  its  existence,  to 
any  extent  in  a  civilised  natiou,  is  a  blemish  upon  that  nation. 

Small  pox  is  almost  always  present  iu  some  part  of  India.  It  is  worshipped 
in  the  form  of  a  goddess  by  certain  classes  of  Hindoos.  Inoculation  for  this 
affection  has  been  carried  oii  for  two  thousand  years,  and  is  still  in  Nepaul  and 
bv  certain  hill  tribes  of  the  Himalayas.  Wherever  small-pox  occurs  and  vaccina- 
ti  .n  is  not  practised,  the  disease  becomes  a  most  loathsome  and  fatal  scourge. 
It  is  the  most  contagious  and  infectious  disease  known. 

The  incubation  period  of  small-pox  is  about  12  days  on  an 
average,  but  it  may  vary  from  8  to  14  days.  During  this  time  there 
are  practically  no  symptoms. 
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Varieties.  There  are  several  varieties  of  small-pox — discrete,  in 

which  the  vesicles  remain  separate  on  the  face  ;  covjiuent,  in  which 
they  run  into  one  another  on  the  face  ;  semi-confiuent,  midway  be- 
tween these  two;  and  hcemorrhngic  (the  most  dangerous  form)  in  which 
the  vesicles,  or  what  would  have  been  vesicles,  are  filled  with  blood. 

Symptoms.— The  invasion  is  sudden  with  a  shivering  fit,  severe 
frontal  headache,  pain  the  back,  and  fever.  The  leroperature  runs  up 
rapidly  with  all  the  phenomena  of  fever.  On  the  third  day  the  fever 
usually  abates  and  the  rash  appears  &s  papules.  At  the  end  of  a  week 
from  the  commencement  the  symptoms  become  worse  and  more 
pronounced  than  before,  the  fever  increases,  and  on  the  ninth  day 
when  the  rash  becomes  pustular,  the  secondary  fever  occurs,  which 
is  due  to  toxins  absorbed  from  the  pustules  and  those  of  septic  germs. 
The  fever  is  now  of  a  septic  type  — the  temperature  oscillates.  There 
may  be  shivering  fits  and  great  prostration.  .There  is  great  swelling  of 
the  face,  and  the  eyes  may  be  closed  up.  There  is  usually  some 
soreness  of  the  throat.  The  patient  is  now  usually  in  a  dangerous  state. 
If  he  rallies,  the  temperature  subsides  and  the  pustules  begin  to  dry  up. 


The  eruption  tirat  appears  on  the  third  day  of  the  fever,  on  the  face,  forehead 
and  ecalp,  as  slightly  laised  red  jiapiiles,  which  feel  like  small  shot  under  the  skin. 
It  subspquently  appears  on  the  backs  of  the  wrists  and  arms,  and  lastly  on  the  legs. 
The  mucous  membranes  of  the  air  passagf'S,  Hlimentary  canal,  etc.,  are  also  ajffected. 
Three  days  later  (on  the  sixth  day  of  the  fever),  the  papules  become  vesicles,  the 
contents  of  which  are  first  clear  and  transparent,  and  then  turbid,  and  each  has  a 
depression  in  the  middle.  Each  vesicle  is  also  divided  into  a  number  of  tiny 
compartments  by  partitions  of  delicate  tissue.  Usually  about  five  days  later  (eifjhth 
day  of  the  eruption)  the  vesicle  becomes  purulent,  accompanied  with  an  inflam- 
matory ring  around  each  vesicle  whicii  causes  great  swelling  and  disfigurement  of 
the  parts  htfected,  and  this  is  attendeil  with  a  return  of  the  fever  and  exacerbation  of 
the  symptoms,  tlien  the  pustules  begin  to  dry  ;  a  blackish-brown  scab  forms  and 
drops  off  le-iving  a  tieptessad  scar.  Usually  by  the  14th  day  from  the  commence- 
ment of  the  fever  the  pustules  are  beginning  to  dry  up  anil  in  from  three  to  four 
weeks  all  the  scabs  have  fallen  off.  J'he  rash  is  seen  on  the  mucous  membrane  of 
the  mouth,  tongue,  soft  palate  and  pharynx,  going  throuf^h  the  same  phases  as  that 
of  the  skin.  In  the  larynx  and  bronchial  tubes  it  may  give  rise  to  much  couoh,  in 
the  stomach  to  severe  vcmitini.',  and  in  the  bowels  to  diarrhoea.  ° 


In  confluent  small-pox  all  the  symptoms  are  intensified,  and  in 
the  stage  of  pustulation  the  patient  presents  a  frightful  appearance,  and 
there  is  a  foul  and  characteristic  odour.  The  face  is  a  swollen  and 
unrecognisable  mass  of  foetid  sores,  though  on  the  body  and  legs  the 
eruption  often  remains  discrete. 

w;J?  f>^morj-hayic  {blacks  smallpox,  the  vesicles  are  all  black,  and  give  the 
patient  a  terrible  appearance.  In  some  cases  bleeding  occurs  from  any  or  al)  of 
the  mucous  membranes,  and  death  may  occur  in  from  three  to  four  days  after  the 
onset  of  the  haemorrhagic  symptoms.  •  ""yo  aiter  me 

.no  'malignant  form  of  amall-poxm  also  met  with  characterised  by  low  fever 
Bcant  or  absent  eruption,  profound  prostration,  and  a  fatal  issue  with  or  without 
haemorrhage  between  the  third  and  seventh  day.  wituout 
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Modified  small-pox  (Varioloid)  is  an  attenuated  form  of  the 
disease,  modified  by  vaccination  or  by  natural  immunity  from  a  previous 
attack.  It  differs  from  tlie  ordinary  form  of  the  disease  by  its  short 
duration,  the  irregular  or  incomplete  eruption  (which  runs  a  rapid 
course),  absence  of  any  marked  secondary  fever,  and  the  early  comple- 
tion of  desquamation.  The  initial  symptoms  are  usually,  but  not 
necessarily,  mild,  and  the  eruption  may  or  may  not  be  limited  to  the  face 
and  hands.  The  characteristic  initial  symptoms  of  small-pox  are 
present,  the  disease  running  a  milder  course. 

In  the  presence  of  an  epidenaic,  cases  presenting  severe  pain  in  the  head 
and  back  with  vomiting  and  fever,  must  be  looked  on  with  suspicion,  and  in  associ- 
ation with  the  peculiarly  located  initial  rash,  the  disease  may  as  a  rule  be  diag- 
nosed. The  typical  eruption  is  unmistakable,  appearing  on  the  third  day  ;  the  course 
of  the  fever  characteristic— being  primarily  high  and  dropping  to  normal,  or  in 
more  severe  cases,  to  100'  F.  or  F.  only,  to  reappear  with  pustulatiou. 

'  Prevention  of  small-pox. — Small-pox  occurs  in  severe  and  wide- 
spread epidemics  in  some  parts  of  this  country,  almost  every  year, 
and  it  is  desirable  for  us  to  know  what  steps  should  be  adopted  to 
prevent  its  spread  in  a  community.  The  chief  means  to  be  adopted 
are — compulsory  notification,  isolation,  disinfection,  and  vaccination 
and  re-vaccination  of  all  unprotected  persons. 

1.  Compulsory  notification.— This  means  that  it  is  compulsory 
for  all  persons  who  know  of  a  case  of  small-pox  in  existence  in  a  canton- 
ment to  make  it  known  to  the  cantonment  authorities,  sanitary  ofiBcer, 
senior  medical  officer,  principal  medical  officer  and  other  officials  con- 
cerned. This  is  a  duty  that  every  person  owes  to  himself  and  to  other 
persons  of  the  cantonment  This  applies  not  only  to  small-pox  but  to 
every  infectious  or  communicable  disease.  By  carrying  out  compulsory 
notification  completely,  every  case  of  small-pox  that  occurs  is 
brought  to  notice  of  the  sanitary  and  other  officials,  who  at  onc6  take 
steps  to  prevent  its  dissemination  in  the  community.  These  authorities 
see  that  the  patient  is  isolated,  and,  if  necessary,  properly  treated  in  a 
suitable  hospital  (p.  405). 

2.  Isolation.— AH  cases  of  small-pox  should  be  isolated,  that  is, 
separated  from  healthy  peisons.  This  may  be  done  in  a  proper 
temporary  or  permanent  infectious  diseases  hospital  (p.  403).  In  large 
cantonments  where  tlie  patient  is  taken  to  an  infectious  diseases  hospital, 
he  is  removed  in  a  special  ambulance  along  tlie  >nost  unfrequented 
roads,  and  the  later  this  is  done  at  night  the  fewer  healthy  persons 
are  met.  All  large  cantonments  should  at  least  be  provided  with 
closed  comfortable  ambulances  for  transporting  cases  to  the  infectious 
diseases  hospital.  Public  and  private  vehicles  should  not  be  used  for 
this  purpo.se. 

3.  Disinfection  — Disinfection  of  the  infected  barrack,  house  or 
hut  is  urgently  required  in  small-pox.  This  is  to  be  done  under  the 
supervision  of  a  medical  or  other  official,  who  directs  that  all  clothes 
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and  loose  articles  are  to  be  suspended  in  the  infected  room,  all  doors  and' 
windows  be  closed,  all  chimneys  and  chinks  are  blocked  up  and  then, 
fumio-ates  all  the  rooms  in  the  house  with  sulphur  dioxide  for  several 
hours*  4  pounds  of  sulphur  being  required  for  every  1,000  cubic  feet 
of  air  space  (p.  427).  It  is,  however,  safer  to  burn  all  clothes,  bedding, 
matting  or  fi/ia^toi,  etc.,  that  have  been  in  contact  with  the  patient. 
The  clothes  of  all  persons  who  have  attended  the  patient  should  be 
soaked  in  some  powerful  disinfectant,  and  the  floor,  walls,  beds  and' 
chairs,  etc.,  are  to  be  carefully  washed  with  a  disinfectant.  If  there 
is  wall  paper  in  the  rooms  this  should  be  removed  and  burnt,  and  the 
walls  thoroughly  washed  with  some  disinfectant  (see  p.  433).  Every 
barrack,  hut,  or  house  in  which  a  case  of  small-pox  has  occurred  and  those 
in  the  neighbourhood  should  be  kept  under  daily  observation  for  about  a 
fortnight  or  three  weeks,  to  detect  fresh  cases  at  once  should  they  arise.. 

4.  Vaccination — Re-vaccination. — All  persons  living  in  the  bar- 
rack, house,  or  hut,  and  iu  the  neighbouring  barracks,  houses  or  hutff 
should  be  vaccinated  or  re-vaccinated,  so  that  a  circle  of  persons  protect 
ted  from  small-pox  is  rendered  immune  by  vaccioatioD,  and  so  on,  aS' 
each  fresh  case  occurs  in  other  barracks,  houses  or  huts.  When  a  case 
of  small-pox  occurs  in  a  family  it  is  a  sound  rule  to  vaccinate  all  the 
other  members  of  the  family  at  oace. 

There  is  no  scientific  fact  better  established  than  that  vaccination- 
properly  carried  out  in  infancy  and  repeated  once  or  twice  during 
after-life,  is  capable  of  effectually  preventing  the  occurrence  of  small-po3^ 
in  communities.  Theoretically,  therefore,  it  appears  easy  to  control 
the  disease  and  even  eradicate  it,  but  in  practice  over  a  large  country 
like  India  there  are  difficulties  in  the  way  of  accomplishing  this 
completely  that  may  be  considered  unsurmountable.  If  efficient 
vaccination  were  carried  out  universally  no  other  preventive  measure 
would  be  necessary. 

Vaccination- — Vaccination  \b  now  practically  always- done  with  glycerinated 
calf  lymph.  The  calves  are  vaccinated  with  strict  aseptic  precautions  on  the 
shaved  abdomen.  The  jesulting  lymph  is  collected  and  mixed  with  chemically 
pure  glycerine,  and  ia  then  allowed  to  stand  for  four  weeks,  during  which  time 
all  bacteria  that  may  have  got  into  the  lymph  accidentally  are  destroyed,  while 
the  activity  of  the  lymph  is  not  only  not  impaired,  but  improved.  When  this 
glycerinated  lymph  is  proved  by  microscopic  examination  or  otherwise  to  be 
bacteriologicuUy  pure,  it  is  sent  out  from  the  vaccine  depots  in  capillary  glass 
tubes,  and  should  be  used  within  a  fortnight  as  its  power  gradually  lessens  and 
is  lost  in  from  a  month  to  six  weeks, 

This  is  the  kind  of  lymph  that  is  manufactured  in  all  our  Government 
vaccine  dep6ts  in  India  at  present,  so  that  there  is  not  the  least  chance  of  anv 
disease-germs  being  'introduced  with  the  vaccine.  After  a  tube  of  vaccine  Ivmnh 
is  opened  it  should  be  used  at  once  or  thrown  away. 

The  ordinary  way  of  vaccinating  is  as  follows : — The  arm  is  cleansed  by 
washing  It  with  warm  water  and  soap,  and  if  it  is  thought  necessary  with  some  recti- 
fied spirit.  The  arm  is  dried.  The  ends  of  the  capillary  glass  tube  containing  the 
lymph  are  broken  off,  fo„r  small  drops  of  lymph  are  blciwn  on  to  the  skin  otT  the 
outer  and  upper  part  of  the  arm  over  the  deltoid  muscle  one  inch  apart,  or  two  on 
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correaponcling  partsof  each  arm,  and  through  tliete  drops  Buperficial  crosg-scarifl- 
cations  or  painless  scratches  are  made  with  a  lancet  or  sur^jical  needle  that  has 
been  previously  sterilised  by  boiling  or  by  holding  it.  over  the  ttume  of  a  spirit 
lamp.  It  18  not  necessary  to  draw  blood  during  this  little  operation.  Finally  the 
lymph  18  well  rubbed  into  the  scarified  aroas.  Then  the  arm  is  allowed  to  dry, 
and  a  plain  bit  of  aseptic  gauze  or  liut  is  applied.  As  the  vesicles  rupture  at  the 
end  ot  a  week,  some  boracic  acid  powder  may  be  sprinkled  on  them  or  a  pad  of 
absorbent  cottou-wool  applied,  and  this  should  be  changed  occasionally  until  ihe 
scabs  separate.  If  a  total  area  of  half  a  square  inch  is  vaccinated  in  infancy, 
it  protects  for  ten  years,  at  the  end  of  which  time  re-vaccination  should  be 
carried  out  (see  p.  404). 

Tuberculosis. 

Tuberculosis*  is  an  infectious  disease  due  to  the  growth  of  the 
tubercle  bacillus  in  the  tissues  and  is  characterised  by  the  formation  of 
nodules  of  tubercles  which  unite  and  form  cheese-like  masses  that 
tend  to  break  down.  The  disease  may  be  local  or  general.  Tuber- 
culosis attacks  many  mammalia,  besides  man  ;  it  specially  attacks 
domestic  cattle,  a  fact  which  has  great  and  immediate  bearing  in  many 
cases  of  human  infection.  The  commonest  local  form  is  pulmonary 
tuberculosis.  It  also  attacks  the  bones,  the  joints,  lymphatic  glands, 
especially  those  of  the  neck  and  abdomen,  the  membranes  of  the  brain 
(producing  tubercxilar  meningitis,  acute  hydrocephalus  or  "  water  in  the 
brain"),  the  intestines,  the  delicate  covering  outside  the  intestines 
(peritoneum^  the  skin  (causing  lupus,  a  form  of  cutaneous  tuberculosis), 
the  eye,  the  larynx  and  practically  every  organ  and  tissue  of  the  body. 
The  one  cause  of  all  these  manifestations  of  tuberculosis  is  the  presence 
of  a  microbe,  the  bacillus  tuberculosis. 

It  is  essentially  an  infectious  disease.  In  connection  with  the 
lungs  infection  is  slow,  and  the  disease  as  a  rule  runs  a  long  course, 
and  in  the  vast  majority  of  cases  ends  fatally.  It  may,  however,  be 
rapid,  run  a  speedy  course,  and  be  quickly  fatal. 

Prevalence. — Tuberculosis  is  one  of  the  deadliest  diseases  of 
mankind,  killing  about  one-seventh  of  the  human  race.  In  the  British 
Isles  the  disease  is  responsible  for  more  deaths  than  any  other  three 
diseases.  The  havoc  wrought  by  consumption  in  India  is  enormous.  All 
our  large  hospitals  have  cases,  it  exists  in  every  village  and  more  so  in 
towns,  and  in  the  Army  in  India  it  ia  one  of  the  chief  causes  of  death 
and  invaliding.  It  is  very  common  in  the  deltas  of  the  large  rivers, 
especially  in  Lower  Bengal  and  Assam,  along  the  whole  sea  border,  in 
the  Deccan,  and  along  the  frontiers  of  India  and  Burma.  It  is 
specially  common  in  all  the  valleys  of  the  lower  ranges  of  the  Himalayas 
and  in  the  Terai. 

There  are  about  127  oases  of  tuberculosis  of  the  lungs  with  an 
average  of  16-5  deaths  amongst  our  European  troops  annually.  Tubercle 

*  Tuberculosis  \3  a.  universal  malady  occurring  in  all  latitudes  of  the  globe. 
It  is  included  b-^re  because  of  its  being  one  of  the  chief  causes  of  sickness  and 
mortality  in  the  service  in  India. 
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Admissions  and  death  rates  for  Toberglb  oe 
THE  Lungs. 


«f  the  lungs  is  much  higher  io  the  Native  Ai-ny.  During  the  years 
190C— 1904,  the  average  number  of  our  British  soldiers  in  India  who 
died  from  tubercular  diseases  was  28,  whilst  212  were  admitted  into  hos^ 
pital,  and  116  were  invalided-  In  the  Native  Army  in  India  during  the 
year  1904  the  numbers  were — deaths  55,  admitted  465. 

It  is  satisfactory  to  note  that  during  1905  both  the  admission 
and  death  rates  on  account  of  the  tubercle  of  the  lungs  among  Native 

troops  have  shown  an  im- 
provement on  the  exception- 
allylow  rate  recorded  in  the 
previous  year.  The  accom- 
panying table  shows  the 
admission  and  death  rate  for 
this  disease  (1)  among  the 
Native  Troops  of  India  as  a 
whole,  and  (2)  among  Gur- 
khas, for  each  year  of  the  past 
decade.  The  admission  rata 
of  the  Native  Army  during 
1 905  was  the  lowest  recorded 
since  1897,  aipd  that  of 
Gurkhas  was  the  lowest  re- 
corded in  the  decade  1896 — 
1905.  The  decrease  in  the 
death  rate  is  still  more 
marked.  The  rates  for  1905 
of  both  the  Native  Army 
as  a  whole  and  of  Gurkhas 
of  the  latter  being  excep- 


Years. 

Native  Army 
of  India  as 
a  whole. 

Gurkha 
Regirneiits. 

A. 

D. 

A. 

D. 

1896 

2-5 

•65 

7-4 

3r,9 

1897 

2-6 

•79 

10-3 

5  55 

1898 

3-5 

■63 

131 

445 

1899 

3-3 

•68 

16-4 

509 

1900 

3-7 

•78 

14-4 

4-34 

1901 

4-2 

•84 

13^  J 

395 

1902 

4-3 

•80 

1.5-6 

424 

19U3 

5'9 

•68 

28^9 

2-88 

190i 

3-9 

•51 

106 

2-66 

1805 

3  1 

•50 

61 

1-58 

1906 

2-5 

■62 

6-2 

241 

1907 

2-5 

•33 

4-8 

103 

1908 

3t) 

■42 

5^0 

1-43 

1909 

2-3 

•39 

4^0 

13 

were  the  lowest  in  the  decade,  the  rate 
tionally  low.* 

The  incidence  of  the  disease  in  both  European  and  Native  troops 
is  gradually  decreasing.  The  following  table  gives  the  admissions, 
deaths  and  invalidings  in  European  troops  from  1900-1909  :  


Admissions, 


Mean  of  the  years, 

1900- 1904 
1905 
1906 
1907 
1903 
1909 


212 
148 
114 
114 
93 
61 


Deaths. 


28 
20 
12 
14 
16 
9 


Invaliding?. 


IIG 
116. 
92 
1G7 
73 
66 


*  Annual  Rep<yrli  of  Ihe/SanitaryGommiaaioner  with  the  Government  of  India,  1905  to  \m 
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The  total  admissions  for  tubercle  of  the  luiiqs  amongst  native' troopa 
in  1907  was  322  with  42  deaths;  in  1908,  378  with  53  deaths,  and  in 
1909,  308  with  51  deaths.  In  1908  there  were  77  cases  with  22  deaths, 
among  Gurkha  riflemen  as  compared  with  62  cases  and  14  deaths  in 
1907,  or  5-1  and  1-43  per  1,000  as  compared  with  2  7  and  0-28  in  the 
rest  of  the  Indian  Army  ;  in  1909  there  were  77  cases  with  22  deaths. 
There  has,  however,  been  a  steady  decline  of  tuberculosis  in  Grurkha 
troops.  The  following  table  gives  the  admission  rates  per  1.000  of 
strength  among  Gurkha  troops  for  the  years  1899  to  1909  : — 


Years 

Admissions. 

Deaths. 

1899 

15-4 

.5-09 

1900 

14-4 

434 

]901 

lS-1 

;!-9.5 

19i>2 

16-6 

4-24 

1903 

28'9 

2  88 

1904 

10-6 

2-68 

1905 

61 

1-58 

m\& 

5-2 

241 

1907 

4-8 

103 

1908 

5-0 

1-43 

1209 

4-0 

1-3 

Tuberculosis  of  the  lungs  is  commonest  between  the  ages  of  15  and 
30  years.  Its  onset  is  very  insidious  as  a  rule,  so  that  it  is  often 
advanced  before  the  patient  is  seen  by  the  medical  oflBcer, 

The  predisposing  causes  of  pulmonary  tuberculosis  are  here- 
dity, defective  sanitary  surroundings,  especially  bad  ventilation,  defi- 
cient food,  living  on  damp  soils  in  low-lying  valleys  and  deltas  of  rivers, 
undue  exposure,  occupations  associated  with  the  inhalation  of  dust  and 
particulate  trade  refuse,  knife-grinders,  stone  masons,  cotton  spinners; 
exhausting  diseases,  especially  those  in  which  catarrhal  pneumonia 
occurs  as  a  complication. 

Of  the  predisposing  causes  one  of  the  most  important  is  heredity. 
In  about  30  per  cent,  of  persons  with  consumption,  there  is  a  family 
history  of  the  disease.  A  predisijosition  to  the  disease  is  inherited  ; 
the  children  of  tuberculous  parents  are  less  resistant  to  the  tubercle 
bacillus.  People  with  an  hereditary  history  of  consumption  are  less 
likely  than  other?  to  be  speedily  cured.  In  a  strict  sense,  however, 
tuberculosis  is  ^ot  hereditary,  although  we  know  that  consumption 
does  affect  some  families  one  generation  after  another.  It  is  probable 
that  the  offspring  of  consumptive  parents  are  not  born  with  the 
disease,  but  that: they  are  born  with  a  . condition  of  tissue  which  does 
not  resist  invasion  by  tubercle  bacilli  to  the  same  extent  that  ordinary 
persons  do.  The  fact  of  living  with  infected  parents,  apart  from  here- 
4Hy  frequently  leads  to  tubercular  infection.    Persons  suffering  from 
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^chronic  diseases  that  affect  vitality  and  strength  are  liable  to  be 
attacked  by  consumption.  It  often  follows  upon  chronic  malarial 
infection,   kala-azar,  and  diseases  of  the  lungs.  ; 

Exposure  and  dusty  atmosphere  has  an  irritating  effect  on  the 
luncrs  and  predisposes  them  to  the  successful  attack  of  the  tubercle 
bacfllus  and  this  dust  has  often  the  bacillus  in  it.  Dusty  and  dirty 
work-rooms  of  all  kinds,  dusty  houses,  barracks,  etc.,  all  predispose  to 
consumption.  [ 

Defective  ventilation  and  overcrowding  is  a  powerful  predis- 
posing cause.  This  cause  is  most  potently  at  work  in  the  overcrowded' 
badly  ventilated  houses  of  the  poorer  classes  in  towns  and  villages.' 
Unhealthy  surroundings  and  bad  hygienic  conditions  generally  predis- 
pose; it  is  specially  met  with  in  low-lying,  moist,  damp  soils,. and  damp 
houses.  • 

Defective  and  deficient  food  is  one  of  the  most  important  pre- 
disposing cause  of  the  di.sease  in  the  poorer  classes. 

Alcoholic  intemperance  not  only  predisposes  the  individual  to 
consumption,  but  also  probably  renders  his  offspring  liable  to  infection 
by  the  disease. 

In  a  large  number  of  post-mortem  examinations  it  is  observed 
that  there  are  indications  of  previous  or  recent  consumption  without  its 
existence  being  known  during  life.  We  all  inhale  and  swallow  these 
bacilli  from  time  to  time  and  yet  in  the  majority  of  persons  it  does  na 
harm.  The  explanation  for  this  is  that  in  all  probability  the  germ 
can  do  no  damage  unless  some  predisposing  cause  or  causes  render  the 
body  susceptible  to  the  attack  of  the  bacillus.  Persons  of  poor  physical 
development  are  more  predisposed  to  it  than  those  well  developed, 
although  powerful  men  may  be  attacked.  It  often  affects  persons  with 
flat  narrow  chests. 

The  phlegm  of  consumption  is  the  infectious  agent ;  it  contains, 
millions  of  virulent  tubercle  bacilli.  A  single  case  of  consumption  in  a 
barrack-room  may  be  sufficient  to  sow  the  seeds  of  the  disease  in  many 
persons,  especially  if  there  is  already  a  susceptibility  to  this  infection. 
To  infect  the  lungs  the  microbe  must  be  introduced  in  sufficieut 
numbers  and  be  of  sufficient  virulence. 

The  essential  lesiou  produced  by  the  growth  of  the  bacillus  is  a  twherde,  which' 
is  a  small  greyish  semi-tianspareut  nodule,  embedded  in  the  tissues  .around.  By, 
the  union  of  several  adjacent  nodules  tubercular  masses  ore  formed  (tubercular 
infiltration).  The  tendency  is  lor  these  masses  to  change  into  a  sort  of  cheesy 
material.  This  is  due  to  the  absence  of  blood  vessels  in  the  nodules,  and  the  action' 
of  the  peculiar  toxins  or  poisons  formed  by  the  bacillus.  These  cheesy  masses  break 
down,  and  in  the  case  of  the  lungs  form  cavities  which  extend  by"  the  breaking 
down  of  further  tubercles  in  the  limiting  walls  of  the  cavities. 
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As  previously  stated  the  essential  cause  of  tuberculosis  is  a  microbe 
(hacilliLS  tuberculosis,  Koch)  which  gains  access  to  the  lungs  from  the 
air  by  inhalation.  This  bacillus  is  discharged  in  enormous  numbers  in 
the  expectoration  of  persons  suffering  from  the  disease.  The  germ  is  a 
very  hardy  one  and  can  withstand  drying  and  continue  a  latent  vitality 
outside  the  body.  Hence  it  is  found  in  the  air  of  the  rooms  these  sufferers 
inhabit,  it  has  been  found  in  the  air  of  streets,  and  been  cultivated  from 
the  dust  of  pavements.  In  some  countries  of  Europe  people  are  now 
probibited  from  spitting  in  public  places ;  patients  with  pulmonary 
tuberculosis  are  obliged  to  make  the  fact  known  to  the  local  authority, 
and  they  are  compelled  also  to  discharge  their  expectoration  into  a  vessel 
containing  some  disinfectant,  which  vessel  they  carry  about  with  them. 
The  expectoration  of  all  tubercular  cases  should  be  iiicinerated. 

The  tubercle  bacillus.— The  tubercle  bacillus  is  a  small,  motionless,  rod-shapel 
body  whicli  is  often  very  slightly  curved.  It  stains  slowly  witli  the  aid  of  hent 
and  it  is  difficult  to  extract  the  stain  from  it  by  m<5ans  of  acids.  This  fact  is  made  use 


I'jG.  83.-  Tubercle  bftcilli  from  the  sputum. 

of  in  staininf'  to  differentiate  it  from  other  organism  lik"  it.  The  tubercle  bacillus 
is  often  beaded.  There  is  uothing  distinctive  in  the  early  signs  of  tuberculosis  of 
the  lungs  except  the  presence  of  the  bacillus  in  the  phlegm. 

We  will  here  deal  only  with  tuberculosis  of  the  Jungs  which  is  by 
far  the  commonest  form  met  with  in  the  Army  in  this  country. 

Tuberculosis  of  the  lungs.— Tuberculosis  of  the  lungs,  commonly 
called  consamptton  and  phthisis,  is  a  morbid  state  of  the  lung  tissues 
due  to  its  invasion  by  the  tubercle  bacillus,  and  characterised  by  the 
formation  of  tubercles  which  subsequently  break  down  and  give  rise  to 
destruction  of  the  lungs  and  the  formation  of  cavities  in  these  organs. 
It  is  characterised  by  the  occurrence  of  persistent  cough,  presence 
of  streaks  of  blood  in  the  phlegm,  sweating  at  night,  loss  ot  appetite, 
loss  of  weight,  and  fever  in  the  afternoons  or  evenings. 
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Symptoms.  — TubBfCulosis  of  the  lungs  or  pulmonary  consumption  is  first 
known  by  tlie  patient  gradually  or  rapidly  losing  weight,  suffering  from  cough, 
breathlessness  and  nij^ht  sweats.  It  is,  for  convenience,  described  as  Laving  three 
stages,  although  these  run  into  one  otiier.  In  tlie  lungs  there  are  many  small  grey 
spots  which  increase  in  number,  and  blend.  These  little  masses  or  nodules  of  tuber- 
cle are  very  irritating  to  the  lungs,  and  nature  atterapis  to  throw  them  off  through 
the piilegm  that  is  discharged.  Each  of  the  little  specks  meuiioned  coataius  the 
tubercle  bacillus  which  started  the  process.  When  cavities  have  formed  there  is 
constant,  cough  and  usually  a  large  amount  of  phlegm  is  brought  up. 

The  walls  of  the  holes  or  cavities  are,  in  reality,  large  ulcers  in  the  lungs, 
•which  go  on  increasing  iu  size  and  eating  away  further  portions  of  the  ; lungs,  the 
cavities  thus  enlarging  and  often  opening  into  one  another,  and  in  breakinc^  down 
a  blood  vessel  is  sometimes  ruptured,  and  then  there  is  more  or  less  blood  couched 
up.  This  may  be  iu  such  quantities  as  to  at  once  threaten  the  life  of  the  patTeut, 
or  fill  the  lungs  with  blood  and  so  suffocate.  More  frequently  the  blood  is 
discharged  in  small  quantities  at  intervals. 

We  diagnose  this  form  of  tuberculosis  by  finding  certain  changes  in  the  che.9t 
walls  nud  in  the  sounds  heard  on  using  a  stethoscope.  In  the  earlier  stages 
these  sounds  may  not  be  Tery  definite,  and  then  we  exnmine  the  phlegm  after 
staming  it  in  a  definite  way  under  the  microscope  ;  if  tuberculosis  of  the  binc/s  is 
present  we  mxy  find  the  characteristic  thin  red  beaded  bacilli.  The  finding  of 
these  bacilh  makes  the  diagnosis  positive.  In  th3  vas t  majority  of  cases  of  tuber 
culosis  of  the  lu.'igs  there  are  other  disease-organisms  aiding  and  abetting  thp 
effects  of  the  tubercle  bacillus  itself  in  its  destructive  action  on  the  invndM 
tissues,  and  on  the  whole  system  by  the  toxins  they  create  ;  the  chief  amongs- 
these  are  the  pus-producing  organisms  (streptococci  and  stapiylococci)  and  the  two 
varieties  of  the  pueumoma  germ.  There  may  accidentally  be  others  such  as  tie 
nM?.«r'ii^rf  '""^  the  various  microbes  thnt  give  rise  to  catarrh  of  the  lungs 
These  all  tiaternise  with  the  tubercle  bacillus.  The  addition  of  these  v^irim,; 
microbes  in  tuberculosis  of  the  lungs  seriously  aggravates  tlie  disease  I  h '! 
been  stated  that  when  the  tubercle  bacillus  is  tl,e  only  micro-organist  to  c^itind 

Sf.\o'so'°       'T'  ''^S'  ""''^^        '^^'^  condi'tLns  of  treaS 

from  <5  to  80  per  cent  may  recover,  but  in  association  with  abundance  of  i.?,a 
producing  organisms  the  same  percentage  of  cas-.s  will  terminate  fntnn^    Pt  f  ^ 
these  two  groups  of  cases  there  is  ever|  shade  of  intensity  of  t^^e  SiseS. 

Prevention -A  pLm  for  the  public  prevention  of  pulmonary 
tuberculosis  in  India  would  embrace-tbe  re<ri.stration  of  all  cases  of 
disease  m  .nan  and  of  tuberculosis  in  animals ;  definite  practical  instruct 
.on  in  indiv.dual  prevention  to  every  case  needing  such  instruS- 
he  sterilisation  of  every  house  and  its  contents  that  has  lieen  nfected 
by  tubercnlous  pa  lents ;  the  establishment  and  maintenance  of  hospitals 
and  sanilana  toi  the  tubercular  poor ;  the  exclusion  of  tubercn^^  s^b  ec 
frcn  occupations   in  which  they  can  contaminate  food     c  otK 
implements,  and  houses  ;  pensioning  of  tubercular  s.ibje.ts  deprived  ff 
occupation  and  of  those  dependent  on  them  for  support ;  exterminatimi 
of  tuberculosis  among  dairy  cattle  and  domest  c  animals!  ene  '  ^. 


528 


PREVENTION  OF  DISEASE 


cattle  and  their  surroundings  and  of  slaughter-houses,  and  exclusion  of 
tuberculous  subjects  from  occupations  through  which  the  disease  is 
likely  to  be  disseminated  to  the  healthy.  The  carrying  out  of  each 
of^these'suggestions  is  beset  with  difficulties  in  this  country. 

Isolation  and  invaliding. — In  the  interest  of  efficiency  in  the 
Indian  Army  it  is  imperatively  necessary  to  eliminate  every  case  of 
tubercle  of  the  lungs  from  the  ranks  as  soon  as  a  positive  diagnosis  of 
the  disease  has  been  made.  We  are  left  no  choice  in  this  matter— for 
practical  purposes  the  prospects  of  an  ultimate  cure  in  an  odd  case  or 
two  after  prolonged  treatment  in  regimental  or  station  hospitals  are  so 
remote  that  they  may  be  neglected.  It  is  fully  established  by  scientific 
medical  opinion  that  pulmonary  tuberculosis  is  a  communicable  disease. 
The  expectoration  of  consumptives  is  the  infective  agency  by  which 
the  disease  is  disseminated ;  it  contains  myriads  of  virulent  tubercle 
bacilli.  This  microbe  is  a  very  hardy  one,  it  can  withstand  drying 
and  continue  in  a  state  of  latent  vitality  outside  the  body  for  some 
time.  Hence  it  is  found  in  the  air  of  rooms  that  are  occupied  by 
tubercular  men  and  the  floors  and  walls  of  such  rooms  may  remain 
infective  for  some  time  after  tubercular  persons  no  longer  occupy  them  ; 
if  special  precautions  are  not  taken  with  regard  to  their  thorough 
disinfection,  a  single  case  of  pulmonary  tuberculosis  may  be  sufficient 
to  sow  the  seeds  of  disease  in  many  persons,  specially  in  those  in 
whom  there  is  a  susceptibility  to  this  infection.  The  dusty  air  that 
occurs  in  barrack-rooms  with  leeped  floors,  that  is,  floors  covered 
with  a  layer  of  material  consisting  of  clay  and  cow-dung,  is,  I  believe,  a 
condition  that  in  former  times  intensified  the  predisposition  to  the 
disease  by  maintaining  a  congested  state  of  the  respiratory  mucous 
membrane.  This  practice  in  many  Native  regiments  still  continues 
and  should  be  condemned  ;  the  provision  of  impermeable  floors  for  all 
barracks  would  remove  the  necessity  for  such  leeping. 

During  the  last  ten  years  one  has  met  with  13  cases  of  Gurkhas 
who  remained  at  duty  in  the  ranks  until  the  disease  was  in  the  third 
or  last  stage  (that  of  excavation  of  the  lungs).  In  all  these  cases  the  men 
had  certainly  been  infecting  the  barracks  systematically  for  periods 
which  probably  extended  to  mouths.  During  the  last  15  months  two 
such  cases  have  happened  in  the  2-8th  G.  R.,  one  of  these  two  illustrates 
the  difficulties  connected  with  disinfection  for  tuberculosis  and  the 
foci  that  may  become  infected  through  a  single  case.  I  heraan  had 
been  an  officer's  orderly,  he  had  worked  in  the  regimental  soda  water 
factory,  and  in  the  Gurkha  Officers'  Club,  and  lived  in  his  company 
barS-room.  All  these  places  had  been  infected  and  had  to  be  dis- 
infected This  happened  notwithstanding  that  orders  are  periodically 
ssued  that  all  men  with  the  slightest  tendency  to  cough  and  fever  are 
io  report  sick  at  once.  As  we  have  had  only  two  cases  in  the  battal  on 
during  the  last  20  months,  it  may  be  int-esting  to  state  here  the 
pre  entive  measures  against  pulmonary  tuberculosis  adopted  in  the 


IN  PEACE  AND  FRONTIER  WARFARE  IX  IXniA. 


.529 


2-8th  G-.  R.  The  verandahs  of  every  barrack  are  provided  with  iron 
dishes  (taiuas)  containing  a  disinfectant  solution  (saponified  cresol  1 
part,  water  160  parts)  which  are  used  as  spittoons;  spitting  outside 
the  spittoons  is  strictly  prohibited.  The  doors  and  windows  of  all  bar- 
rack rooms  are  kept  continually  open  except  in  the  most  inclement 
weather  when  only  those  on  the  windward  or  rainy  side  are  closed. 
When  weather  permits,  the  kit  and  bedding  of  all  men  are  put  in  the 
sun  twice  a  week  for  a  couple  of  hours.  During  the  last  year,  the 
barrack  rooms  have  been  provided  with  impermeable  cement  floors  and 
ridge  ventilation  adopted.  In  most  other  Gurkha  regiments  similar 
measures  are,  I  believe,  carried  out. 

Tuberculosis  of  the  lungs  has  undergone  considerable  decrease  in 
late  years  amongst  Grurkha  troops,  and  this,  I  believe,  is  attributable  to 
three  main  causes:  greater  attention  to  the  ventilation  of  barrack 
rooms,  prevention  of  spitting  in  barrack  rooms,  and  the  early  elimina- 
tion of  cases  from  the  ranks  as  soon  as  positive  manifestations  of 
the  disease  are  present.  All  British  officers,  Native  officers  and  section 
commanders,  and  corresponding  ranks  in  the  European  Army,  should  be 
continually  on  the  watch  for  tuberculosis  of  the  lungs  amongst  the  men, 
and  every  eflfort  made  to  eliminate  from  barrack  rooms  all  cases  at  the 
earliest  stage  of  their  occurrence.  Section  commanders  should  be  held 
responsible  that  such  cases  are  sent  to  the  hospital  at  once.  He  would 
be  a  very  unobservant  section  commander  who  did  not  recognise  that  a 
man  of  his  section  who  had  previously  been  quite  well  was  suffering 
from  a  more  or  less  continuous  cough,  fever,  gradual  or  rapid  loss  of 
flesh  and  stamina,  with  breathlessness  and  sweating  on  slight  exertion. 
There  are  exceptional  cases  in  which  none  of  these  signs  are  manifest^ 
but  it  is  doubtful  if  such  cases  take  any  active  part  in  the  dissemin- 
ation of  the  disease;  infectivity  commences  when  those  with  the 
disease  commence  to  expectorate  phlegm  containing  tubercle  bacilli 
There  should  never  be  any  difficulty  in  spotting  a  man  who  has  a 
constant  cough  and  is  spitting  a  lot. 

Our  routine  practice  in  regimental  hospitals  (and  that  in  prncti- 
cally  all  army  hospitals  in  Europe)  of  isolating  the  cases  and  destroy- 
ing the  expectoration  by  heat  or  thorough  disinfection,  is  based  on  the 
indisputable  fact  that  the  disease  is  communicated  directly  from  man 
to  man  through  tubercle  bacilli  contained  in  the  expectoration. 

It  seems  certain  that,  once  the  disease  gets  a  foothold  in  barrack- 
rooms,  there  is  always  the  danger  of  its  spreading  and  the  dissemin- 
ation  may  take  place  rapidly.  A  barrack  room  that  has  been  Zupied 
by  a  case  of  pulmonary  tuberculosis  sliould  be  vacated,  thoroughly  dis- 
infected  its  walls  scraped  and  white-washed,  thoroughi;  ventilated^  and 
all  furniture,  bedding  and  kit  exposed  to  the  sun.  ^The  nature  causes 
and  measures  for  the  prevention  of  tuberculosis  should  re  teLht  bv 
medical  officers  in  their  lectures  on  military  hygiene  every  year ^  The 
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medical  officer  should  keep  a  register  of  all  weakly  looking  men  and  of 
those  who  are  running  down  or  losing  weight  for  no  assignable  cause, 
and  such  men  should  attend  hospital  once  a  week  for  the  medical 
officer's  inspection.  He  may  consider  it  desirable  in  some  of  these 
cases  to  apply  Calmette's  reaction,  that  is,  the  inoculation  of  a  form 
of  tuberculin  into  the  conjunctiva  of  the  eye  which  is  followed  by  cer- 
tain specific  changes  in  those  who  are  suffering  from  tuberculosis,  but 
has  practically  no  effect  on  healthy  persons.  This  is  a  fairly  accurate 
test,  and  when  positive  it  shows  the  existence  of  a  focus  of  tuberculosis 
in  process  of  evolution  or  incompletely  cured — one  which  contains 
some  living  tubercle  bacilli.  It  may  fail  where  the  lesions  are  very 
virulent  or  extensive,  but  these  are  self-evident  cases.  Tuberculin 
for  this  purpose  is  procurable  from  all  the  larger  chemists. 

I  have  personally  no  doubt  that  a  certain  small  proportion  of  men 
suffer  from  tuberculosis  of  the  lungs  in  the  ranks  and  completely 
recover  without  ever  knowing  that  they  have  had  it.  The  same 
happens  in  civil  life.  One  has  repeatedly  performed  posi-mortem 
examinations  on  the  bodies  of  persons  dead  of  other  diseases  whose  lungs 
showed  traces  of  healed  pulmonary  tuberculosis.  These  men  in  bar- 
racks may  be  looked  upon  as  carriers  "  of  the  disease,  and  they  are  a 
danger  to  their  comrades,  by  reason  of  no  preventive  measures  being 
adopted.  The  closest  scrutiny  of  men  is  at  all  times  necessary  to 
discover  and  eliminate  such  causes. 

Frequently  the  disease  is  consecutive  to  malarial  infection  or  to  an 
attack  of  some  other  form  of  fever,  such  as  typhoid,  or  to  general 
debility  arising  from  any  cause. 

Avoidance  of  exposure  to  infection— the  sputum  of  tubercle 
cases.    One  of  the  commonest  ways  tubercle  bacilli  are  disseminated 
is  by  people  suffering  from  consumption  spitting  in  barrack-rooms, 
in  verandahs  and  in  roads  and  streets.    The  germs  then  dry,  pulverise, 
and  are  blown  about.    Persons  suffering  from  tuberculosis  of  the  lungs 
should  never  spit  in  barrack-rooms  or  barrack  verandahs  or  in  com- 
pounds, in  public  conveyances,  nor  into  any  vessels  unless  it  contains  a 
disinfectant ;  when  indoors  they  should  always  keep  a  cup,  bottle  or 
hand  spittoon  containing  a  disinfectant.    The  spit  should  be  incinerated. 
It  should  never  be  throwu  on  the  ground  outside ;  the  spittoon  should  be 
emptied,  thoroughly  washed  with  boiling  water,  and  then  another  lot  of 
the  disinfectant  poured  into  it.    The  handkerchief  used  should  be  fre- 
quently changed  and  thoroughly  boiled  in  boiling  water  before  being  sent 
to  the  dhobie.    The  expectoration  should  never  be  swallowed.  The  room 
occupied  should  be  thoroughly  aired  and  cleaned  every  day. 

Whilst  the  prevention  of  consumption  has  chiefly  to  do  with  the 
extermination  or  circumvention  of  the  bacillus,  the  most  hopeful  ways 
are  those  which  aim  at  educating  all  ranks  as  to  the  nature  of  the 
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disease  and  how  it  is  spread,  and  showing  them  how  improved  hjgienio 
living  and  better  sanitation  may  lessen  it.  Tuberculosis  is  to  a  large 
extent  a  preventable  disease  which  only  ignorance  and  neglect  make 
possible  in  the  present  state  of  scientific  knowledge. 

All  cases  of  severe  cough,  whether  with  or  without  fever,  should 
invariably  report  sick.  Such  cough  may  be  due  to  tubercle  of  the  lung, 
pneumonia,  pleurisy,  or  more  frequently  bronchitis  ;  for  all  of  these  con- 
ditions the  hospital  is  the  proper  place,  and  attempts  to  throw  ofif  such 
disease  may  lead  to  permanent  unfitness,  apart  from  the  fact  that 
certainly  with  pneumonia  and  tubercle  of  the  lung,  the  disease  may 
be  communicated  to  others  inhabiting  the  same  barrack  room,  tent 
or  hut. 

Occasionally  on  field  service,  from  its  hardships,  privations,  and 
exposure,  men  manifest  for  the  first  time  the  symptoms  and  signs 
of  tuberculosis  of  the  lung.  Whenever  such  cases  appear,  even  in  the 
absence  of  the  microscopical  demonstration  of  the  bacillus,  and  the 
medical  officer  is  in  doubt  as  to  its  nature,  it  is  always  safer  to  send 
them  to  the  base,  as  such  men  are  a  source  of  danger  to  their  com- 
rades by  reason  of  their  exhaling  and  expectorating  the  germs  of  the 
disease. 

Sun-Fever. 

Synonyms. — Thermic  Fever. 

Thi^  is  a  non-infectiou3  fever,  arising  from  inordinate  exposure  to  the  sun 
mostly  attacking  Europeans.  It  may  be  slight  or  severe.  In  the  slighter  cases 
no  notice  is  taken  of  it,  and  it  often  disappears  in  the  cool  of  the,  evening  ;  in 
more  severe  cases  it  continues  all  the  next  day  or  for  several  days  with  malaise,  loss 
of  appetite,  feeling  of  feverishness  and  possibly  slight  delirium.  It  occurs  usually 
in  April,  May,  and  June,  when  the  sun  is  hottest. 

Symptoms-— It  comes  on  suddenly  with  a  feeling  of  chilliness,  this  is  fol- 
lowed by  burning  heat  of  the  skin,  great  thirst,  full  strong  pulse,  intense  headache, 
flushed  face,  restlessness,  nausea,  vomiting  and  throbbing  in  the  head.  It  usually 
lasts  three  days,  the  patient  then  recovering  rapidly.  It  may,  however,  go  on  to 
cause  hyperpyrexia. 

This  condition,  though  not  in  the  Nomenclature  of  Diseases,  1906,  is  introduced 
here  because  one  is  quite  confident  that  it  is  a  cause  of  a  certain  number  of  cases  of 
"  fever"  that  occur  in  the  hot  weather  among  both  European  and  Native  troops.  It 
was  a  generally  recognised  form  of  fever  in  this  country  30  years  ago,  and  accounts 
of  it  are  included  in  all  the  older  and  classical  works  on  the  diseases  of  India. 

It  is  brought  about  by  the  same  conditions  as  real  sunstroke,  and  is  prevented 
by  adopting  the  same  measures  as  are  laid  d,own  for  that  disease. 

Heat  Apoplexy. 
Synonyms  :— Sunstroke  -Heat-stroke— Diathermasia. 

This  is  an  acute  condition  arising  from  a  sudden  disturbance  of 
the  heat  regulating  centres  of  the  nervous  system  by  exposure  to  high 
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atinospbeiic  temperature,  particularly  when  in  combination  with 
marked  humidity,  occurring  in  persons  specially  predisposed  to  the 
effects  of  the  sun  or  in  those  unaccustomed  to  it,  and  characterised  by 
fever  with  very  high  temperature,  and  usually  with  convulsions, 
coma,  and  congestion  of  internal  organs,  especially  of  the  lungs  and 
brain. 

The  human  economy  is  capable  of  withstanding  comparatively 
high  atmospheric  temperatures  for  a  short  time,  but  this  adaptation 
often  fails  when  the  air  is  fairly  well  saturated  with  moisture.  In  this 
latter  case  the  heat  regulating  apparatus  of  the  body  is  disturbed  and 
loss  of  heat  by  evaporation  is  prevented  by  the  large  amount  of  moisture 
already  in  the  air ;  as  a  result  the  temperature  of  the  body  rises. 

We  have  considerable  power  of  udaptiiig  ourselpps  io,  and  keeping  in 
good  health  uuder,  the  most  diverse  couilitions  of  climate  and  temperature, 
f  arsons  in  healtb  and  vigour,  leading  temperate  and  hygienic  lives,  can  enduie  much 
higher  tropical  temperatures  than  those  who  are  less  fit,  and  as  we  ktiow,  Natives 
can  stand  a  higiier  temperature  ordinarily  tlian  liuropeaus,  yet  even  the  former  may 
find  the  S(in  haat  beyond  their  powers  of  endurance  under  certain  exceptional 
circumstances.  In  tine  sunstroke  the  high  atmospheric  temperature  produces 
excessive  activity  of  the  heat-proluciug  mechanism  by  paraKsiug  those  parts  of 
the  heat  regulating  centres  which  control  the  heat  discharge  (vaso-motor  nerves 
and  sweat  glands). 

The  terms  heat-stroke,  sunstroke,  heat  apoplexy,  insolation,  and 
heat  syncope,  have  hitherto  included  two  very  different  conditions — (I) 
a  state  of  exhaustion  leading  to  syncope,  and  (2)  an  overheating  of  the 
nervous  centres,  blood  and  tissues,  with  a  tendency  to  produce  vaso- 
motor paralysis,  excessive  rise  of  temperature  (hyperpyrexia)  and  sub- 
sequent asphyxia,  through  the  action  of  lieat  on  the  respiratory  centres. 
In  association  with  this  latter  condition,  certain  lesions  may  occur, 
such  as  change  in  the  tissues  of  the  brain,  liaemorrhage  and  more  or 
less  inflammation  of  the  membranes  of  the  brain.  The  symptoii;s  in 
such  cases  are  varied,  and  depend  on  the  parts  of  the  nerve  centres 
affected.  For  the  present  we  will  confine  ourselves  to  tlie  second  of 
these. 

Sunstroke  cases  occur  in  most  campaigns  in  the  tropics.— In 

practically  all  our  Frontier  campaigns  we  lose  a  certain  number  of 
European  troops,  and  sometimes  men  of  our  Native  Army  also,  from 
heat-stroke,  either  on  the  march  going  to  or  returning  from  the  seat 
of  war,  or  during  actual  fighting.  Hence  it  is  necessary  to  be  always 
prepared  to  deal  with  such  cases.  Sunstroke  in  hot  climates  is  always 
a  serious  possibility  with  European  troops,  and  even  in  our  temperate 
home  climate  heat  syncope  (p.  538)  occurs  during  manoeuvres. 

French  in  Madagascar  in  1895.  -An  example  of  the  effects  of 
marching  during  the  hottest  part  of  the  day  was  well  illustrated  in  the 
French  Army  in  Madagascar  in  1895,  in  which  the  14th  Battalion  of 
the  2(i0th  Regiment  lost  40  per  cent,  from  heat-stroke.    One  day  m 
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May  1886  in  Burma,  of  la.*!  men  of  the  Munsfcei-  Fusiliers  during  a 
mid-day  march  after  a  band  of  dacoits  along  the  river  Moo,  22  dropped 
down,  20  of  them  from  heat  syncope,  two  from  real  heat  apoplexy. 

Austrians  in  Bosnia,  1878. -In  1878  the  Austrian  troops  occupy- 
ing Bosnia  had  2,131  cases  during  the  campaign,  one  regiment  alone 
having  320  cases.  During  the  march  to  the  relief  of  the  Pekin  Lega- 
tion in  1898,  it  is  stated  that  at  one  time  one-fourth  of  the  United 
States  Command  was  unfitted  for  marching  owing  to  the  effects  of  th^ 
heat.  In  the  Hazara  Campaign  of  1868,  the  38th  Regiment  left 
Sialkote  in  August,  to  march  to  the  rendezvous  in  the  Black  Mountains, 
and  had  51  admissions  for  sun-stroke.  In  the  Chitral  Relief  Expedi- 
tion of  189o  a  large  number  of  our  Native  troops  suff"ered  considerably 
from  the  heat,  especially  as  in  the  absence  of  cooly  transport,  the  men 
were  obliged  to  carry  part  of  the  baggage.  We  have  previously  refer- 
red to  the  losses  of  the  35th  Sikhs  between  Nowshera  and  Malakand 
in  their  march  to  the  relief  of  Malakand  in  189  7. 

Direct  exposure  to  the  sun,  whilst  the  most  common  cause,  is  not 
necessarily  the  only  cause.  One  has  attended  two  European  women  with 
heat  apoplexy  during  the  hot  weather  who  never  left  their  bungalows 
between  8  A.M.  and  5  P.M.  The  condition  is  not  met  with  above 
6,000  feet  in  this  country.  Whilst  a  high  air  temperature  with 
excessive  humidity  usually  produce  their  effects  during  the  day,  they 
may  also  do  so  at  night. 

There  are  no  disease-germs  of  any  description  to  be  found  in  any 
part  of  the  body  in  sunstroke.  The  effects  of  the  excessive  body  heat 
are  especially  marked  on  the  cells  of  the  cerebro  spinal  nervous  system, 
aud  especially  on  those  of  the  medulla  oblongata.  Every  year  we  lose  a 
certain  number  of  European  troops,  and  sometimes  men' of  our  Native 
Army  also,  from  heat  apoplexy.  There  were  26  deaths  from  heat 
apoplexy  amongst  European  troops  in  1907,  37  in  1908,  and  15  in  1909. 

The  statistics  given  by  different  authorities  as  regards  the  mortalitv  varv 
but  ones  personal  experience  is  that  even  when  promptly  and  properlv  treated' 
tbemo.Ulity  from  true  sunstroke  is  over  60  par  cent,  aud  that  all  patients  who 
become  bluish  or  purplish  in  the  face  from  congestion  of  tha  lungs  and  convulsions 

True  sunstroke  is  fostered  by  fatigue,  tight-fitting  clothes  or  com- 
pression about  the  chest  and  neck,  thirst,  debilitating  diseases,  con- 
stipation of  the  bowels,  want  of  a  proper  amount  of  sleep  excesses  of 
all  kinds,  especially  alcohol,  and  constipation  of  the  bowels.  '  Europeans 
recently  arrived  in  the  country  are  more  liable  to  it.  Certain  persons 
are  especially  susceptible  for  some  unknown  reason.  Previous  illness 
greatly  predisposes  to  sunstroke.  Stations  in  which  hot  winds  are 
prevalent  have  invariably  a  certain  number  of  cases  of  sunstroke  each 
year,  ihe  most  dominating  predisposing  cause  is  alcoholism;  even 
when  only  moderately  indulged  in,  it  enhances  the  tendency  to  sun- 
8  roke.  In  chronic  alcoholics  heat  apoplexy  is  very  dangerous,  as  it  is 
also  in  men  worn  out  by  fatigue  and  long  marches. 
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Symptoms. — lu  real  heat  apoplexy,  there  is  usually  some  warn- 
ing indication  of  its  approach,  such  as  severe  headache,  f  ulness  of  the 
head,  nausea,  thirst,  giddiness,  mental  confusion,  feeling  of  weakness, 
lassitude,  throbbing  temples,  and  flushed  face,  which  becomes  purplish  ; 
the  eyes  are  red,  vision  coufused,  there  is  frequent  desire  to  make 
water,  followed  by  high  temperature,  dry  and  pungently  hot  skin,  the 
pupils  are  usually  contracted,  the  condition  passing  rapidly  into  stupor, 
delirium,  convulsions  and  coma,  with  stertorous  and  difficult  breathing. 
The  pulse  is  small,  intermittent,  and  of  low  tension  ;  convulsions  in 
many  cases  come  on  early  and  last  until  near  the  end.  The  temperature 
rises  rapidly  to  from  105°  or  106°  to  112°  F.  or  higher.  When  the  tem- 
perature passes  beyond  107°  F.,  in  heat  apoplexy,  it  begins  to  exercise 
a  marked  influence  on  the  nervous  system.  Death  occurs  in  from  2  to  48 
hours.  When  heat  apoplexy  ia  present  the  heat  regulating  centres  of 
the  nervous  system  (the  thermotaxic  mechanism)  are  thrown  out  of 
gear,  the  temperature  runs  to  a  great  height,  and  death  often  takes  place 
from  the  direct  action  of  the  heat  on  the  nervous  system.  In  some  cases 
death  occurs  within  half  an  holir,  some  last  a  few  days,  and  others  recover 
after  a  time  and  are  usually  victims  of  severe  headache  or  other  nervous 
symptoms  on  exposure  to  the  sun.  The  patient  sometimes  partially 
recovers  and  then  a  relapse  sets  in.  The  condition  is  always  very 
dangerous;  death  oocurs  in  over  60  per  cent,  of  the  cases.  Heat 
apoplexy  may  set  in  suddenly  with  very  acute  symptoms  and  death  may 
occur  in  a  very  short  time.  There  is  practically  no  condition  that 
simulates  real  sunstroke.  Hyperpyrexial  pernicious  malarial  attacks 
(p.  462)  may,  in  the  absence  of  a  medical  man  (who  would  diagnose 
the  case  by  examination  of  the  bloo4  and  finding  malarial  parasites  in 
it),  be  very  difficult  to  diagnose. 

The  hyperpyrexia  of  acute  rheumatism  is  preceded  by  the  character- 
istic symptoms  and  signs  of  the  disease.  Cerebro-spinal  fever  (p.  508) 
is  recognised  by  the  facts  that  it  is  usually  epidemic,  tbe  temperature  does 
not  run  so  high,  there  is  rigidity  of  th^  neck,  and  the  head  tends  to  bend 
backward. 

Treatment.— As  soon  as  any  of  the  premonitory  signs  appear 
precautions  should  be  adopted  and  preparation  made  to  treat  hyper- 
pyrexia should  it  come  on.  If  in  a  barrack-room  he  should  be  moved 
to  a  verandah  or  the  open  air  (out  of  the  direct  rays  of  the  sun),  loosen 
everything  constricting  the  neck  and  chest,  remove  the  clothes,  put 
him  on  a  sheet,  raise  the  head  slightly  and  turn  it  to  one  side.  Now 
saturate  the  sheet  with  cold  water,  preferably  iced  water,  and  keep 
pouring  it  over  the  patient  continuously  from  the  head  to  the  feet. 
This  can  readily  be  done  by  means  of  a  long  rubber  tube  connected 
with  a  water  tap  where  there  is  a  public  water-supply,  or  by  a  bhistee 
who  should  stand  on  a  stool  and  pour  the  water  over  the  patient  from  a 
mussakh,  another  bhistee  being  ready  to  relieve  him  when  the  mussakhis 
empty  The  stream  of  the  water  should  be  about  half  an  inch  in  diametex 
and  not  too  forcible.  If  available  ice  should  be  applied  to  the  head. 
Nothing  should  be  given  by  tbe  mout|a  until  the  patient  is  conscious. 
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On  the  march  when  sunstroke  has  oocurreH  the  equipment  should 
be  removed,  the  clothes  loosened,  and  the  man  carried  to  any  shade 
available  His  head,  neck,  and  face  should  be  bathed  with  cold  water 
aud  he  should  be  vigorously  fanned.  If  he  can  swallow  he  should  be 
given  small  quantities  of  water  at  short  intervals,  and  he  should  be 
allowed  to  rest  quietly  until  the  arrival  of  the  medical  officer  and 
ambulance  transport. 

After  recovery  heat-apoplexy  may  be  followed  by  irritability  of 
temper,  headache,  etc.,  especially  on  re-exposure  to  the  sun. 

The  main  effect  of  the  condition  is  the  production  of  deep  con- 
gestion of  internal  organs,  especially  of  the  brain  (the  vessels  of  which 
both  outside  and  inside  are  engorged  with  blood)  and  the  lungs. 

Prevention  of  heat  apoplexy.— When  possible  work  in  the  hot 
weather  should  be  done  in  the  morning  and  evening.  The  helmet  should 
always  be  worn  from  sunrise  to  sunset.  It  is  said  to  be  advisable  to 
have  this,  or  any  other  headgear  used,  lined  with  red  or  orange  coloured 
flannel.  These  precautions  are  specially  necessary  in  the  unacclimatised. 
All  unnecessary  exposure  to  the  direct  rays  of  the  sun  should  be  avoided  ; 
as  should  also  all  lying  about  or  sitting  in  the  sun.  In  houses 
and  barrack-rooms,  free  ventilation  should  be  arranged  for,  punkahs 
or  electric  fans  keep  the  air  circulating,  and  help  evaporation  from 
the  surface  of  the  body.  If  there  are  any  .  signs  of  being  affected 
by  the  heat  of  the  sun,  or  the  atmospheric  temperature,  it  is  a  useful 
precaution  to  douche  the  whole  head  and  back  of  the  neck  with  cold 
water. 

Rate  of  marching  in  sun. — It  is  well  known  that  in  hot  weather 
the  more  rapid  troops  march  beyond,  say  3  miles  an  hour,  the  greater 
the  number  of  cases  of  heat-stroke  occur  ;  similarly,  the  ratio  of  cases 
increases  with  the  length  of  the  march,  and  this  apart  from  the  question 
of  the  actual  number  of  hours  men  are  exposed  to  the  sun's  influence. 
In  actual  fighting  the  mental  strain  and  unconscious  muscular  rigidity 
which  accompany  military  movements  favour  the  occurrence  of  sun- 
stroke. 

Best  time  to  march.— The  troops  should  not  be  marched  during 
the  day,  the  best  time  is  during  the  early  hours  of  the  morning.  It  is 
rare  that  it  will  be  necessary  to  march  during  the  middle  of  the  night. 

Glothincj.—The  clothing  worn  should  be  suitable  to  hot  weather 
and  our  present  khaki  coats  worn  over  a  flannel  shirt,  with  "shorts"' 
can  scarcely  be  improved  upon.  ' 

Head  and  spine  covering.~ln  our  European  officers  and  troops  the 
head,  temples,  and  back  of  the  neck  and  spine  must  be  well  protected 
and  a  special  non-conductor  in  the  shape  of  a  detachable  spine  and  back 
pad  of  quilted  cotton  wool  is  of  great  service  in  protecting  a  vulnenvble 
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part  of  the  nervous  system  from  the  sun,  especially  when  the  latter 
beats  on  the  back.  Many  experienced  sportsmen  use  this  when  shoot- 
ing in  the  hot  weather  in  India.  A  handkerchief  between  the  helmet 
and  the  head  is  also  some  protection,  and  green  leaves  of  any  kind,  if 
available,  still  better. 

Coa  ts  should  be  opened.— The  men  should  be  directed  to  completely 
open  their  coats. 

Morning  meal  before  marchivg, — Before  marching  in  the  early 
morning,  tlie  men  should  have  a  light  breakfast— they  should  never  be 
allowed  to  start  on  an  empty  stomach.  This  meal  is  not  to  be  a  heavy 
one,  but  it  should  be  sustaining. 

Effects  of  actinic  rays  of  sun. — It  has  been  suggested  that  the 
actinic  rays  may  be  an  important  factor  in  the  production  of  heat- 
stroke and  that  these  should  be  arrested  by  a  layer  of  coloured  material 
acting  as  a  filter ;  yellow  or  green  is  such  a  colour ;  under-garments 
and  a  hat-lining  of  one  of  these  colours  have  been  used.  It  has  also 
been  suggested  that  there  may  be  solar  rays  other  than  ordinary  heat 
rays  which  may  be  arrested  by  metals.  To  effect  this  it  has  bt-en  pro- 
posed to  let  in  a  thin  layer  of  tin  foil  or  other  metal  into  the  substance 
of  the  tents  and  of  hats. 

Reflected  rays  of  sun. — It  is  stated  by  some  authorities  that  some 
of  the  symptoms  of  sunstroke  are  caused  by  the  reflected  rays  of  the 
sun  through  the  eyes,  the  optic  nerves  being  exposed  to  the  direct 
rays  of  sunlight.  Without  discussing  the  validity  of  this  as.<ertion, 
we  know  from  experience  that  neutral-tinted  glasses  decidedly  afford 
much  relief  and  comfort  to  the  wearers  in  a  bright  hot  sun.  Such 
glasses  in  the  form  of  goggles  were  effective  in  our  Egyptian  campaign 
in  18S2  as  a  protection  against  glare,  heat,  sand  and  ilies. 

Perspiration  not  to  be  checked. — Anything  which  interferes  with 
loss  of  body  heat  predisposes  to  sunstroke,  such  as  too  heavy  clothing, 
diminished  perspiration  from  deficient  water-supply,  or  lessening  of 
evaporation  from  the  surface  from  excessive  humidity  of  the  air.  One 
has  seen  as  many  as  five  European  sailors  under  treatment  in  the 
European  General  Hospital  in  Calcutta,  on  the  same  day  in  the  month 
of  May,  when  the  shade  temperature  was  well  under  100"  F.,  but  the 
humidity  of  the  air  between  70  and  80  degrees  of  saturation  (p.  1  3). 

March  in  open  order.— Men  should  march  in  as  open  order  as 
possible  to  allow  free  access  of  fresh  air  to  each  soldier.  Halts  should 
be  frequent  and  whenever  possible  in  shaded  elevated  places.  During 
the  halts  the  men  should  not  lie  down  on  the  bare  ground  except  under 
the  shade  of  trees,  as  the  ground  is  often  hotter  than  the  air  and  the 
men's  bodies. 

Unnecessary  fatigues  to  be  stopped.— AW  violent  exercises  are  to 
be  avoided.  All'  unnecessary  fatigues,  piquets,  and  other  trying  duties, 
should  be  avoided  as  much  as  possible;  this  applies  especially  to  the 
middle  of  the  day.    All  drills  should  be  reduced  to  a  minimum. 
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Company  officers  to  watch  their  men  on  the  march — When 
marchiiTT  in  "unusual  heat,  company  officers  should  watch  their  mea 
carefully?  Wlien  a  soldier  looks  pale,  weak  and  exhausted,  he  should 
be  told  to  fall  out  and  rest,  and  be  brought  in  by  the  ambulance 
transport. 

Water  bottles  to  he  filled. — The  water-bottles  should  be  filled  at 
the  halts.  Water  should  be  drunk  in  small  quantities  at  a  time,  and  may 
then  be  used  frequently.  Arrangements  for  having  water  carried  should 
be  ensured  before  the  march.  This  is  most  important.  There  must 
always  be  an  organised  system  for  the  conveyance  of  sterilised  watei*  on 
the  march,  and  of  having  it  in  the  field  during  an  action.  Water  should 
always  be  easily  accessible  to  the  men  throughout  each  day's  march, 
and  in  camps,  at  all  times. 

Best  form  of  beverage. — For  a  hard  day's  work  in  a  hot  sun 
probably  one  of  the  best  beverages  is  cold  tea  without  milk  or 
sugar. 

Alchohot  to  be  strictly  interdicted. — The  issue  of  a  spirit  ration  in 
the  fore  part  of  the  day  under  any  circumstances  should  be  interdicted  ; 
the  old  notion  that  ardent  spirits  of  any  kind  was  a  prophylactic  against 
malarial  infection,  cholera,  chills  and  disease  generally,  has  been 
exploded.  The  use  of  alcohol  in  any  form  previous  to  beginning  or 
during  a  march,  is  to  be  absolutely  prohibited.  "Alcoholic  drinks:, 
gluttony,  excess  of  animal  food,  too  much  tobacco  smoking,  in  fact 
dissipation  of  all  sorts,  are  specially  to  be  deprecated."* 

Camps  should  when  practicable  be  pitched  in  airy  places,  preferably 
on  grass  and  under  spreading  trees,  and  on  areas  free  from  undergrowth. 
Double  canvas  and  grass  or  boughs  laid  on  the  tents  will  lessen  the 
temperature  within.  In  this  connection  in  standing  camps,  a  thatch 
erected  over  the  tents  adds  much  to  the  men's  comfort,  and  this  is 
usually  practicable. 

Daily  supply  of  ice  for  force  if  obtainable.— When  cases  of  heat- 
stroke are  expected,  if  ice  is  procurable  in  the  district  or  province, 
arrangements  should  be  made  for  an  adequate  supply  of  it  to  reach  the 
force  daily. 

Heat  Syncope. 
Synonyms     Heat  Exhaustion,  Phoebism. 

,  In  sun  syncope  or  heat  exhaustion  the  patient  becomes  pale  and 
giddy,  and  falls  to  the  ground ;  there  is  partial  unconsciousness : 
the  condition  is  one  of  syncope  or  faint,  the  pulse  is  weak  and  small, 

*  Sir  I'ATiucK  Manson,  rroj9!'caZ:Z)isea6es-,|4tli  edition.^p.  295. 
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the  breathing,  which  may  be  stertoroup,  ia  usaally  shallow,  the  pupils" 
are  dilated,  and  the  skin  is  cold  and  covered  with  a  clammy  sweat. 
The  patient  usually  recovers  rapidly,  but  occasionally  the  shock 
is  80  severe  as  to  lead  to  rapid  heart  failure  and  death.  There  is  often 
a  severe  headache  following  this  condition,  and  in  some  cases  an 
irregular  fever.  Occasionally  inflammation  of  the  membranes  of 
the  brain,  or  other  form  of  brain  trouble  may  follow  it. 

Heat  exhaustion  is  specially  liable  to  occur  when  excessive  humid- 
ity is  associated  with  high  atmospheric  temperature,  but  this  latter 
factor  is  not  essential,  as  it  often  happens  in  Northern  India,  when 
the  air  is  particularly  dry. 

Heat  syncope  often  picks  out  those  who  are  in  a  poor  state  of  health  or 
have  recen'tlv  been  ill,  especially  when  the  illness  gave  rise  to  any  form  of 
degenerative  change  in  the  heart  muscles  which  permits  of  the  heart  undergoing 
tapid  dilatation  under  the  strain  of  a  high  atmospheric  temperature.  This  in  all 
probability  is  the  explanation  of  the  manner  in  which  chronic  alcoholism  operates 
in  predisposing  to  heat  syncope,  as  in  such  cases  there  is  almost  invariably  some 
degree  of  fatty  degeneration  of  the  heart. 

When  the  actinic  rays  of  the  sun  act  on  a  susceptible  person,  it 
produces  a  condition,  resembling  either  aggravated  fainting  or  syncope 
or  a  form  of  shock.    It  is  common  amongst  troops  marching  in  the 
sun  or  people  working  in  the  sun,  especially  when  in  association  with 
scanty  food  and  hardship  generally.    It  is  considered  to  be  a  form 
of  cerebral  shock  caused  by  exposure  of  the  head  and  spine  to  the 
Ultra  violet  rays  of  the  sun's  spectrum.    Tt  is  associated  with  an  acute 
congestion  of  tbe  brain  and  spinal  cord  which  is  usually  only  very 
temporary,  but  may  in  some  cases  be  followed  by  chronic  inflammation 
of  the  membranes'  covering  these  organs.    It  is  specially  liable  to 
afiect  young  Europeans  coming  to  this  c  mntry.    The  condition  is  one 
to  which  acclimatisation  is  possible.    Natives  are,  however,  liable  to 
it  and  one  has  treated  11  men  in  one  Native  Infantry  regiment  of  ;00 
strength  for  it  on  the  march  in  the  North-Western  Frontier  in  Septem- 
ber and  9  men  in  another  Native  Infantry  detachment  of  175  on  the 
march  in  Upper  Burma  in  May.    The  slighter  forms  of  it  are  constantly 
met  with  in  Native  troops  during  manoeuvres  and  on  the  march. 

Another  minor  effect  of  the  actinic  fays  of  a  hot  sun  after  prolonged  exposure 
is  severe  sunburn,  often  with  the  formation  of  blisters,  severe  head.iche  and  fever. 
This  condition  is  rapidly  recovered  from  and  is  due  to  the  action  of  the  special 
raysinamed. 

Treatment.— In  mild  cases  move  the  patient  to  the  shade,  open 
the  clothes,  place  him  in  a  recumbent  posture,  splash  cold  water  on 
the  face  and  neck,  and  apply  smelling  salts  to  the  nostrils.  If  he  can 
swallow  give  him  a  drachm  of  sal  volatile  in  a  wineglassful  of  water. 
In  severe  cases  apply  a  mustard  plaster  to  the  chest  and  nape  of  the 
neck,  and  if  the  temperature  threatens  to  run  up,  wrap  the  patient  in 
cold  wet  sheets  and  give  cold  water  to  drink. 
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Prevention. -  The  preventive  measures  are  practicallj  the  same 
as  for  heat  apoplexy. 

Asiatic  Choleha. 

This  is  an  acute  specific  infectious  and  highly  malignant  disease, 
which  occurs  eudeioically  in  various  parts  of  India  throughout  the 
year,  whence  it  spreads  and  occurs  in  an  epidemic  form  at  certain 
seasons.  It  is  characterised  by  severe  vomiting,  violent  purging  of 
watery  motions  which  look  like  rice-water,  severe  cramps  in  the 
abdomen  and  legs,  great  depression  and  coldness  of  the  surface  of  the 
body,  suppression  of  urine  and  intense  collapse.  The  cause  of  the 
disease  is  the  comina  bacillus  of  Koch,  which  usually  gains  access 
to  the  system  by  means  of  specifically  contaminated  drinking  water.  The 
home  of  cholera  in  India  is  the  Delta  of  the  Ganges,  although  it  occurs 
endemieally  also  in  towns  on  the  bed  of  other  rivers.  There  are  certain 
districts  in  India  in  which  cholera  is  practically  never  absent.  In  such 
places  the  only  factor  necessary  to  light  up  epidemics  of  the  disease 
in  cantonments  is  neglected  sanitation,  especially  neglect  in  regard 
to  the  water-supply,  milk-supply  and  food-supply  generally, 

The  comma  bacillus  when  it  gains  access  to  the  bowels  in  any 
numbers  rapidly  multiplies  and  produces  a  toxin  or  poison  which  is 
speedily  absorbed  by  the  blood,  "and  causes  the  symptoms  of  the 
disease — vomiting,  purging  and  collapse,  and  it  may  be  death  in  a  few 
hours.  The  comma  bacillus  may  grow  in  the  soil  under  certain  condi- 
tions. It  multiplies  in  dirty  water.  It  is  often  carried  beyond  the 
endemic  areas  by  infected  persons  and  infected  articles,  and  if  the  cons 
ditions  are  favourable  for  the  microbe  in  this  new  place,  it  soon  become- 
epidemic.  The  most  common  cause  of  cholera  is  the  use  of  drinking 
water  contaminated  with  cholera  bacilli  Another  common  cause  is  the 
dissemination  of  cholera  germs  from  clothing  and  bedding  inf  cted 
by  the  discbarge  from  cholera  cases.  Plies  are  in  some  way  connected 
with  the  spread  '  f  cholera,  probably  by  infecting  food  through  comma 
bacilli  carried  from  an  adjacent  infected  focus  on  their  feet,  wings  and 
fleshy  proboscides.  There  is  a  certain  amount  of  evidence  pointing  to 
the  probability  that  chulera  may  be  dust-borne.  It  may  also  be 
communicated  from  person  to  person  by  ■contaniinated  food,  drink,  and 
feeding  utensils.  Cholera  travels  along  roads  and  railways.  Once 
cholera  is  started  it  will  with  neglected  sanitation  travel  along  with 
troops  from  camp  to  camp.  Natives  suffering  from  mild  or  latent 
cholera  performing  their  ablutions  after  defaecation  in  and  near  tanks, 
wells,  streams  and  reservoirs,  occasionally  start  epidemics  of  the  disease. 
One  has  seen  this  occur  on  several  occasions. 

The  cholera  bacillus.— TJie  bacillus  of  cholera  is  curved  like  a  comma ;  it  ia 
actiTely  mobile,  haviug,  us  seen  in  tins  country,  only  one  flagelluni,  which  is  at- 
one end.  In  its  growth  it  liquefies  gelatine  in  50  hours.  Complete  drying  kills 
the  genu  ia  a  lew  minutes.    It  is  alsy  soon  killed  by  dilute  acids.  The  bacillus 
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mjiltipliea  iu  the  himea  of  the  email  intestines,  and  in  the  glands,  epithelial  cells 
and  mucous  membrane  of  this  part  of  the  alimentary  tract.  The  bacillus  produces 
an  endotoxin  -whichis  set  free  and  gives  rise  to  the  symptoms. 


PiQ., 84.— Comma  bacillus  of  cholera.  Magnified  1,000  times  (after  Hewlett). 


FiQ.  85.— Comma  bacillus  of  cholera  showing  flagella  (after  Mat.lory  and  Wrtght). 

The  comma  bacillus  has  comparatively  little  resistance  ;  it  is  killed  by  weak 
disinfectants,  and  also  by  exposure  to  the  rays  of  the  sun  for  a  few  hours.  It  is 
capable  of  living  in  water  for  a  few  days  at  least,  and  in  dirty  water,  such  as  *  Hat 
of  tanks  and  shallow  wells,  it  multiplies  and  lives  longer.  It  is  disseminated  tjy 
means  of  articles  of  clothing  and  bedding  that  have  been  soiled  by  discharges 
from  cholera  patients.  The  unwashed  hands  of  persons  who  have  su&ered  Irom 
the  disease,  or  of  those  who  have  been  attending  cholera  cases  may  contaminate 
food. 

For  statistics  as  to  the  prevalence  of  cholera  in  past  years  see  P"tl,  p.24. 
fn  European  troops  in  1908  there  were  9.3  admissions  witlwG  deaths  a"^in  I90» 
only  12  admissions  with  7  deaths.  Amongst  native  troops  in|S05  there  were 
admission  with  116  deaths,  and  in  1909  only  2G  admissions  with  18  deaths. 
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The  incubation  period  of  cholera  is  usually  from  two  to  five  days. 

Symptoms  —Cholera  may  begin  suddenly  or  be  preceded  by  premonitory 
symptoms,  especially  diarrhoea,  for  some  days.    It  often  begins  during  the  night  or 
early  morning,  particularly  in  Europeans,  ami  if  not  properly  attended  to  at  once 
may  rapidly  prove  fatal.    There  is  a  feeling  of  great  deprcr^sion  and  weakness, 
spasmodic  griping  pains  in  the  abdomen,  then  purging  and  vomiting,  the  vomited 
matter  consisting  first  of  the  contents  of  the  stomach  and  then  a  watery  fluid.  The 
stools  at  first  fa3Cal,  soon  become  rice-water-like  in  charactt^r,  and  there  may  be  15 
or  20  of  them  in  a  few  hours.    They  are  expelled  with  much  force.    The  vomiting 
occurs  without  effort  and  often  in  large  volumes.    There  are  severe  cramps  in  the 
calves  of  the  legs,  thighs,  and  in  the  abdomen.    There  is  now  a  sinking  feeling 
which  becomes  progressively  more  pronounced.    The  fingers  become  bluish  and 
wrinkled.    The  urine  is  at  first  scanty  and  highly  coloured,  and  then  ceases  to  be 
formed,  the  bladder  remaining  empty.     A  burning   sensation  in  the  abdomen, 
especially  at  the  pit  of  the  stomach,  is  frequently  one  of  the  most  distressin'g 
symptoms;  it  certainly  was  on  both  occasions  when   one  j)ersonally  had  the 
disease.    Tlie  tongue  has  a  bluish  colour,  is  cold,  and  feels  like  a  piece  of  dead  fish. 
The  mouth  is  dry,  there  is  great  thirst  especially  for  cold  drinks.    The  jDulse  at 
first  feeble,  is  gradually  lost  at  the  wrist;  the  skin  is  cold  yet  the  patient  feels  hot 
and  throws   off  any    covering   placed  over  him.    He    is  very  restless,  and  is 
constantly  jerking  his  body,  jumps  from  one  side  to  the  other,  and  there  may  be 
curious  noises  in  the  ears.    The  patient  now  passes  into  the  stage  of  collapse.  The 
skin  is  bluish-grey  and  covered  with  a  cold  clammy  sweat,  the  body  shrivelled, 
the  voice  is  faint  and  husky,  the  breath  cold  ;  whilst  the  mind     clear  there  is 
great  apathy  ;  the  eyes  are  sunken,  the  face  parched,  the  cheeks  hollow  and  the 
lower  jaw  falls.    The  pulse  cannot  be  felt,  the  motions  pass  involuntarily,  there  may 
be  hiccough  and  the  patient  may  soon  die,  the  temperature  sometimes  rising  before 
the  end  occurs.    This  state  of  complete  collapse  may  last  some  hours  and  then  if 
the  patient  rallies  the  pulse  returns.  The  other  favourable  symptoms  are — cessation 
of  the  vomiting,  purging,  and  Cramps,  return  of  warmth  to  the  skin,  and  more 
■strength  in  the  voice,  secretion  of  urine  commencing,  the  appearance  of  bile  in  the 
stools,  and  cessation  of  the  burning  pain  in  the  pit  of  the  stomach.    When  recovery 
is  to  take  place  it  is  usually  rapid. 

Ambulatory  cholera  - Some  cases  of  cholera  are  very  mild,  the  patient 
suffering  only  from  a  trifling  amount  of  diarrhoea  so  that  he  is  able  to  go  about 
and  does  not  take  to  his  bed,  or  even  .seek  treatment.  These  are  most  dangerous 
cases  to  the  public,  as  they  are  scattering  virulent  cholera  bacilli  about  the  locality. 
All  cases  of  diarrhoea  during  cholera  periods  should  be  rigidly  isolated  until  definitely 
diagnosed  by  a  medical  ofBcer  not  to  be  cholera.  Mild  cases,  however,  may,  after 
several  days'  slight  diarrhoea,  be  suddenly  attacked  by  acute  symptoms  of  cholera 
and  die  in  a  few  hours. 


The  symptoms  of  cholera  are  those  of  an  intense  blood  poisoning,  and  arise  from 
the  absorption  of  toxins  manufactured  in  the  bowel  by  the  comma  bacillus  The 
bacillus  is  only  found  in  the  alimentary  tract.  The  rice-watery  material  seen  in 
the  motions  is  also  found  after  death  in  the  large  and  small  intestines  ;  the  mucous 
membrane  of  the  whole  alimentary  canal  is  red  and  very  congested. 


Duration 

Mild  cases 


m.— The  duration  of  the  disease  varies  from  a  few  hours  to  several  days 
fter  .suffering  from  vomiting  and  purging  for  a  few  hours  get  rapidly 
well  without  passing  into  the  stage  of  collapse  ;  the  more  severe  cases  always  become 
collapsed  from  which  recovery  (if  it  takes  place)  occurs  in  from  two  to  several  days 
At  the  beginning  of  severe  epidemics  many  cases  die  in  a  few  hours,  collapsed  w'itli 
tew  it  any  of  the  characteristic  symptoms  of  cholera,  or  after  passing  a  few  rice- 
watery  evacuations— these  are  known  as  fidminatinr,  cases.  The  disease  is  always 
more  fatal  at  the  beginning  of  epidemics,  and  almost  always  less  severe  towards 
tlie  end  ot  epidemics,  when  it  is  supposed  that  the  bacillus  of  the  disease  has 
lost  some  ot  its  virulence. 

^  '"Pu^^y  conditions  may  simulate  cholera.    Amongst  these  are  severe 
simple  diarrhoea,  thealgide  form  of  pernicious  malarial  attacks  (p.  462)  poisoning  by 
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arsenic,  eating  poisoned  tinned  provisions  fp.  198'.  especially  fish,  sausages,  o.vsters 
(ptomaine  poisoning),  and  using  impure  unboiled  milk.  The  non-medical'  man 
cannot  distinguish  severe  ordinary  simple  diarrhoea  from  the  early  stage  of  very 
mild  cholera.  >^  j 

Severe  diarrluxa  may  be  associated  with  all  the  symptoms  of  cholera  (vomit- 
™g.  purging,  cramps,  low  temperature,  etc.",  but  there  are  never  the  characteristic 
rice-Watery  evacuations.  Cholera  is  sometimes  for  days  preceded  by  diarrhoea, 
whilst  ordinary  simple  diarrhoea  having  no  connection  with  cholera  occurs  during 
cholera  periods.  Tliere  is  also  no  doubt  that  the  common  colon  bacillus,  a  normal 
inhabitant  of  the  bowels,  may  lake  on  virulent  properties  and  produce  a  severe 
diarrhoea  which  simulates  cholera. 

Prevention  of  Cliolera. — The  greatest  general  safeguard  against 
epidemic  cholera  is  a  sound  state  of  sanitation  in  cantonments — a  good 
water-supply,  good  draiuage,  a  good  conservancy  system,  and  good 
kitchen  arrangements.  When  a  cantonment  is  provided  with  a  public 
water-supply,  all  wells  should  be  permanently  covered  up,  aud  certainly 
all  wells  with  water  of  questionable  quality  should  be  permanently 
closed. 


The  chief  way  the  germ  of  cholera  gets  into  the  bowel  is  by 
means  of  drinking  water.  If  a  water-supply  once  gets  contaminated 
with  cholera  germs,  it  will  certainly  give  rise  to  a  number  of  cases  of 
cholera  in  those  using  it  (see  p.  105).  The  excreta  of  cholera  patients 
may  be  thrown  into  cesspits  and  thence  reach  any  adjacent  well. 
I  have  on  three  occasions  traced  epidemics  of  cholera  to  the 
contamination  of  wells  from  sundafises  or  privy-pits  dug  in  the  ground 
where  these  latter  were  adjacent  to  wells.  On  two  of  these  occasions 
the  cholera  bacillus  was  actually  cultivated  from  the  well  water.  In 
the  third  case  the  epidemic  rapidly  ceased  after  closing  the  well.  If 
the  water-supply  is  from  wells,  all  suspected  wells  should  be  perman- 
ganated  (p.  118),  and  if  no  permanganate  of  potassium  is  available, 
quicklime  (1  to  1,000  of  the  water,  p.  118)  should  be  used,  stirring  up 
the  water  afterwards  for  an  hour. 

The  cleanliness  of  all  latrines  should  be  rigidly  attended  fo. 
There  should  be  increased  sanitary  vigilance  throughout  the  cantonment, 
and  this  should  begin  if  possible  before  the  arrival  of  tlie  disease.  If 
obliged  to  be  in  camp,  the  camp  should  be  to  the  windward  side  of  the 
infected  area;  and  no  communication  with  the  infected  area  should  be 
allowed — neither  the  water-supply,  milk,  nor  food  should  be  got  from 
the  infected  area,  and  no  matter  what  its  source,  all  water  and  milk 
•should  be  boiled.  In  many  severe  epidemics  it  is  usually  necessary  to 
vacate  the  infected  barracks  or  tents.  During  cholera  periods  it  is 
specially  necessary  to  avoid  chills,  especially  chills  of  the  abdomen,  and 
this  is  best  done  by  the  use  of  a  cholera  belt.  Alcohol  m  excess 
should  be  avoided  as  it  lessens  resistance.  It  is  specially  necessary  to 
avoid  the  use  of  fish,  tinned  provisions,  unripe  fruit,  badly  cooked 
vegetables,  rice  or  atta,  and  badly  made  bread.  Avoid  ako  exposure  to 
th?  mid-day  sun,  night  dews,  any  great  mental  or  physical  fatigue, 
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and  the  use  of  purgatives  and  heavy  meals.  All  water  drunk  should 
be  at  least  boiled,  and  preferably  boiled  and  filtered  through  a  reliable 
filter  (pp.  125-l;i0;.  In  cantonments  cholera  medicines  should  be  kept 
at  the  quarter-guards  or  some  central  buildings.  One  of  the  most  useful 
are  the  old  cholera  pill,  which  consists  of  1|  grains  of  asafcetida,  1  grain 
of  red  pepper,  and  i  a  grain  of  powdered  opium,  one  of  which  are  to  be 
taken  after  each  stool  dttriny^/i-fi/rs^  stage  only.  Another  excellent 
remedy  for  the  first  stage  is  dilute  sulphuric  acid  15  drops,  tincture  of 
opium  15  drops  in  water  every  2  or  3  hours.  During  cholera  periods 
the  sliglitest  attack  of  diarrhoea  should  be  rigidly  treated  and  the  person 
affected  sent  to  hospital  at  once.  The  early  diarrhoea  may  sometimes 
be  checked  by  chlorodyne  20  drops  and  brandy  an  ounce. 

Amongst  the  prophylactics  which  have  from  time  to  time  been 
recommended  are — quinine,  five  grains  daily  ;  dilute  sulphuric  acid- 
lemonade  ("15  minims  to  the  bottle),  sulphurous  acid  lemonade  (half  a 
drachm  to  the  bottle)  ;  oil  of  eucalyptus  10  minims  twice  a  day. 

Aerated  waters  are  to  some  extent  a  safeguard  from  the  disease,  if 
they  have  been  made  for  over  four  hours,  and,  if  in  the  case  of  so-called 
"  soda-water",  bicarbonate  of  soda  has  not  been  used.  The  carbonic  acid 
gas  in  well  made  soda-water  certainly  kills  the  germs  of  cholera  within 
2  4  hours. 

All  discharges  from  the  bowels  and  stomach  of  a  cholera  patient 
are  infectious.  If  these  and  his  soiled  linen  are  at  once  disinfected  the 
disease  is  not  dangerous  to  others.  If  the  discharges  are  not  dis- 
infected the  comma  bacillus  may  gain  access  to  food  or  water  and 
then  the  disease  spreads. 

Precautions  against  cholera  on  field  service.— Whenever  a 
cholera-stricken  country  or  district  has  to  be  marclied  through  or 
invaded,  the  chief  sanitary  officer  with  the  approval  of  the  principal 
medical  officer  of  the  force,  sliouhi  draw  up  a  series  of  rules  detailing 
the  precautionary  measures  to  be  adopted  against  the  disease  and  the 
steps  to  be  taken  in  the  event  of  the  actual  occurrence  of  any  cases 
in  any  part  of  the  force,  and  these  rules  should  be  made  known 
to  all  ranks  throughout  the  force.  Such  ruies  should  refer  to  the  facts 
that  the  essential  cause  of  the  disease  is  the  comma  bacillus  which  i.<3 
contained  in  the  discharge  of  cholera  cases,  that  water  contaminated  bv 
this  spirillum  is  the  usual  cause  of  epidemic  cholera,  that  the  greatest 
possible  attention  is  to  be  given  to  the  water-supply,  boi liner  beina  the 
greatest  safeguard;  the  precautionary  measures  to  be  adopted  willin-i-f 
on  theurgent  necessity  of  having  cases  notified,  brought  under  treaf 
ment,  and  isolated  at  the  earliest  possible  moment;  and  the  vltT^I\ 
necessity  for  the  disinfection  and  incineration  of  all  excreta. 

Frontiers  where  epidemic  cholera  prevails  to  be  avoided  ,v 
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circumstances  it  is  practically  beyond  the  power  of  human  efiFort  ta 
prevent  its  appearance  in  tlie  invading  forca  Fortunately  there  are 
not  many  instances  of  cholera  epidemics  in  recent  years  during  our 
Frontier  wars.  Nevertheless,  in  certain  parts,  and  at  particular  seasons, 
we  should  be  prepared  for  the  possibility  of  such  a  disaster.  In  the 
3rd  Bm-mese  War  (1886—87)  several  regiments  suffered.  One's  present 
regiment  (then  the  4ard  Gurkhas),  was  decimated  in  going  up  the 
Irrawaddy  in  1886.  The  same  regiment  was  again  assailed  by  this  dire 
malady  in  marching  from  Kohima  to  Shillong  in  1900,  when  the 
commanding  ofificer  died  of  it. 

Whenever  military  operations  are  being  conducted  in  an  area  where 
cholera  already  is  prevalent,  an  epidemic  of  the  disease  may  occur  in  the 
force.  In  the  last  Mohmund  Expedition  in  1908,  which  lasted  only  a 
short  time,  there  were  60  deaths  from  cholera,  one  European  regiment 
having  43  cases  with  36  deaths  in  four  days.  The  board  of  inquiry  on 
this  epidemic  attributed  it  to  the  drinking  of  way  side  water  on  the 
march  to  Shabkadar. 

Comma  bacillus,  the  essential  cause  of  cholera. — The  one  cause 
of  cholera  is  the  comma  bacillus  (Koch),  and  epidemic  cholera  is 
caused  only  by  this  microbe  in  a  virulent  state  getting  into  the  alimen- 
tary tract,  and  it  does  so  in  epidemic  cholera  practically  always  through 
specifically  contaminated  water.  In  the  bacteriological  examination  of 
water  as  regards  the  comma  bacillus  of  cholera,  the  earliest  results 
obtainable  are  in  six  hours,  and  for  absolute  and  positive  evidence, 
when  germs  like  those  of  cholera  are  present,  other  isolation  processes 
have  to  be  undertaken  to  demonstrate  satisfactorily  that  the  cholera 
vibrio  contaminates  a  water-supply.  This  shows  the  impi-acticability 
on  field  service  in  an  enemy's  country  of  thoroughly  examining  the 
water  daily.  It  is  fortunate  for  India  that  the  cholera  vibrio  can  live 
only  a  few  days  in  our  water-supply,  and  when  the  same  water 
continues  to  give  rise  to  the  disease,  it  is  certain  that  fresh  accession 
of  the  cholera  germ  is  taking  place. 

Disinfection  and  incineration  of  cholera  discharges. — The 
infective  poison  of  cholera  is  contained  in  the  vomited  and  purged 
matters  of  patients  sufifering  from  it.  These  must  therefore  be  thor- 
oughly disinfected  and  incinerated  at  once.  They  should  be  discharged 
into  a  utensil  containing  a  liquid  disinfectant.  It  is  a  safe  rule  to  burn' 
the  clothing  and  bedding  of  cholera  cases. 

Difficulty  of  early  diagnosis  of  cholera.— There  is  no  way  of 
distinguishing  ordinary  simple  diarrhoea  from  the  premonitory  relaxation 
of  the  bowels  of  cholera,  except  by  a  bacteriological  examination  of  the 
stools.  Such  examination  is,  however,  quite  easy,  and  in  actual  cholera 
shows  the  bacilli  in  actively  moving  swarms,  usually  in  pure  culture. 
Although  cholera  and  camp  diarrhoea  are  distinct  diseases,  the  existence 
of  looseness  of  the  bowels^  when  cholera  prevails,  predisposes  to  it. 
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In  simple  diarrhoea  the  main  symptom  is  relaxation  of  the  bowels,  with 
more  or  less  frequent  calls  to  the  stool.  Even  in  infective  cholera  there 
may  be  no  further  sign  of  the  disease  than  this.  Usually,  however,  in 
cholera,  the  patient  soon  begins  to  suffer  from  cramps  in  the  abdomen 
and  legs,  repeated  vomiting,  the  calls  to  stool  become  urgent  and 
frequent,  the  evacuations  have  the  appearance  of  rice-water,"  and 
the  patient  rapidly  passes  into  the  second,  or  stage  of  collapse. 

Everyone  can  help  in  preventing:  epidemic  cholera. — Every 
person  both  in  peace  times  in  cantonments  and  during  warfare  can  do 
something  to  prevent  the  spread  of  cholera,,  and  help  to  banish  it. 
Cleanliness  of  every  description  is  the  greatest  safeguard  against  the 
disease ;  if  barrack-rooms  and  cook-houses,  are  kept  clean,  the  air  in 
them  pure,  the  water-supply,  food  supply,  latrines  and  the  soil  free  from 
cholera  microbes,  we  cover  most  of  the  preventive  measures.  The  same 
holds  equally  good  for  camps. 

Precautions  against  cholera. — The  men  should  live  regularly  and 
temperately,  taking  their  accustomed  diet.  Stale,  unripe,  or  unsound 
fruit  or  vegetables,  should  on  no  account  be  eaten.  Kipe  fruit  can  do 
no  harm,  nor  can  properly-cooked  fresh  vegetables  Uncooked  vege- 
tables should  not  be  eaten.  It  is  advisable  to  eschew  cucumbers  and 
melons  as  they  are  often  grown  in  fresh  ordure  as  manure.  If  cucum- 
bers are  eaten  they  should  be  sterilised  in  boiling  water  peeled  and 
subsequentiy  taken  with  vinegar.  Neither  of  these  is  capable  of  giving 
cholera,  but  a  surfeit  of  them  may  irritate  the  bowel  and  predispose 
to  It.  All  tainted  fish  and  meat  are  particularly  dangerous  at  such 
times.  All  milk  consumed  should  be  pure,  or  at  least  sterilised  by 
boiling;  people  supplying  milk  from  villages  on  field  service  frequently 
water  the  miik,  the  water  used  for  this  purpose  is  often  impure  If 
reliably  pure  milk  is  not  obtainable,  condensed  milk  should  be  used. 

During  cholera  periods  men  should  not  work  on  empty  stomachs 
When  practicable,  the  men  should  be  kept  engaged  in  some  form  of 
work  or  amusement  without  being  fatigued.  ^^imot 

Boiling  and  filtering  of  water  is  the  only  reliable  way  of  destrovina 
any  cholera  bacillus  it  may  contain.  During  cholera  peJiodsTt  S 
dangerous  to  use  water  that  has  not  been  sterilised  and  kept  steriHsed 
until  it  18  consumed.  ^  "i^^nubeu 

Alcoholic  intemperance  during  cholera  epidemics  invites  attacks  of 
the  disease-temperance  in  both  eating  and  drinking  is  to  be  enjoined 
All  chills  and  checking  of  perspiration'is  to  be  avoided.    A  flannel  shirfc 
should  be  worn,  and  at  night  also  a  flannel     cholera")  belt  to  p  even^ 
catching  cold  in  the  bowels.    All  the  foregoing  precau  ion.^  „  ? 
equally  to  life  in  cantonments  and  camps.      °  ^  Precautions  applj 
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It  is  very  important  to  avoid  foul  smells  of  any  kind,  8[)ecial!y 
those  of  latrine  tieilche.s,  fouled  soil,  and  collections  of  camp  refuse. 
The  night-soil  trenches  are  to  be  thoroughly  supervised  and  theif 
contents  disinfected  several  times  a  day.  The  ground  in  and  around 
tents  should  be. kept  thoroughly  clean.  No  refuse  should  be  allowed  to 
Jiie  in  the  oiinip  enclosure,  it  should  be. collected  in  tlie  selected  places 
and  burnt ;  ill  slops  and  liquid  refuse  of  kitchens  and  wa^te  water,  of 
ablution  places  should  be  disposed  of  as  laid  down  previously. 

The  air  of  tents  should  be  as  pure  as  possible  —The  air  in  the 
'tents  should  be  as  pure  as  possible  ;  the  best  way  to  secu;e  this  is  to 
•keep  the  dutors  open,  or  the  side-walls  up,  avoiding  excessive  draught 
"and  chills.  ..* 

1  .  .  .       ■  ' 

,  Early  notification  of  the  disease.  — Cholera  is  chiefly  curable  in 
.the  first  stage  or  that  of  premonitory  diarrhoea.  It  is  therefore 
absolutely  necessary  that  the  patient  be  brought  under  treatment  as  soon 
as  diarrhoea  commences.  The  slightest  attack  of  diarrhoea  in  any  form 
rshould  be  attended  to  at  once.  As  soon  as  any  disturbance  of  the  abdo- 
men occurs,  pain,  gripes,  slight  diarrlioea,  nausea  or  sickness,  the  men 
should  be  sent  to  hospital  Tliis  gives  the  best  chance  of  the  man 
being  rapidly  cured,  and  it  helps  to  prevent  the  spread  of  the  disease 
to  others  in  his  tent  and  to  the  force  generally. 

Disinfection  of  clothes,  bedding,  etc.— All  infected  clothes  and 
bedding  should  be  disinfected  at  once,  put  into  boiling  u'ater  and  subse- 
quently passed  through  one  of  the  forms  of  disinfecting  apparatus 
'referred  to  elsewhere  (pp.  425,  426),  if  the  force  has  been  provided  witli 
them.  If  thorough  disinfection  cannot  be  guaranteed,  it  is  safest  to 
burn  all  clothes  and  bedding  used  by  cholera  cases.  Metal  utensils 
"used  by  cases  should  be  passed  through  the  fire. 

Cholera  "contacts  " — In  cantonments  the  barrack  in  which  a 
■  case  of  suspected  or  developed  cholera  occurs  is  vacated  at  once,  the 
patient  sent  to  hospital,  and  the  other  occupants,  who  are  called 
''contacts,"  are  treated  as  if  they  were  carriers  of  the  disease  for  ten 
days  by  being  isolated  in.  tents  and  kept  under  observation ;  the 
barracks  are  fumigated  with  sulphur  dioxide,  and  washed  down  through- 
out with  some  powerful  disinfectant,  then  thrown  open  and  re-occu; nation 
is  not  allowed  for  ten  days.  In  camps  the  teut  in  which  a  case  of  sus- 
pected cholera  occurs  should  be  vacated  at  once,  the  patient  sent  to  the 
field  ambulance  and  the  other  occupants  who  are  "  contacts  "  treeited 
as  if  th'^y  were  carriers  of  the  disease  for  ten  days  (see  remarks  regard- 
ing enteric  fever  "  contacts  "),  and  the  tent  fumigated  with  sulphur 
dioxide,  struck,  the  soil  disinfected,  and  the  site  not  again  occupied. 

Infectiousness  of  cholera  explained.— Cholera  is  not  literary  or 
'  otherwise  contagious,  but  it  sometimes  acquires  the  qualities  of  an 
"infectious  disease,  especially  when  the  microbes  are  numerous  ai^d 
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their  virulence  intense,  as  is  usually  the  case  at  the  beginning  of  an 
epidemic,  and  when  certain  conditions  of  weather  and  locality  favour 
the  miiltiplicaiion  of  the  microbe.    As  far  as  tents  are  concerned, 
^the  surest  way  to  preventing  the  germ  affecting  the  occupants  is  by 
good  ventilation.    The  more  air  that  gets  in,  the  fewer  the  number  of 
•germ^,  and  consequently,  the  smaller  the  chances  of  thera  affecting 
•the  rrien.    Cholera  bacilli,  when  in  the  dried  state,  are  wafted  into  the  air 
and  reach  the  mouth'  and  throat  of  those  in  the  neighbourhood  of  the 
patient.    Hence  the  precautions  necessary  of  washing  the  hands  and 
rinsing  the  mouth  and  throat  on  the  part  of  all  in  attendance  on 
cholera  patients  before  eating  or  drinking. 

Isolation  of  cholera  cases.— Persons  suffering  from  undoubted 
cholera  are,  as  a  matter  of  course,  isolated,  and  only  those  absolutely 
necessary  for  their  care  and  treatment  should  be  allowed  in  the  vicinity 
of  tlie  tent  they  occupy.  There  is  no  dpubt  about  per.^ons  in  attendance 
on  cholera  patients  sometimes  getting  the  infection.  One  has,  person- 
ally, had  two  attacks  of  it  acquired  in  this  way.  The  reason  is  obvious 
when  we  recognise  that  the  sufferers  cannot  control  either  vomiting 
or  purging,  that  the  matters  discharged  on  the  ground  are  like  water  ; 
the  liquid  jiart  of  tlio  discharges  having  evaporated  the  residue  is  quite 
invisible,  these  discharges  are  laden  With  virulent  cholera  microbes 
and  are  wafted  into  the  air  by  every  movement  of  persons  about  the 
patient  aiid  by  every  gust  of  wind. 

Fear  of  cholera  a  mistake. — During  the  occurrence  of  a  cholera 
outbreak  there  is  no  special  reason  for  apprehension  if  the  ordinary 
precautions  given  above  are  adopted.  Fear  and  mental  emotions  tend 
to  depress  and  predispose  to  the  disease.  If  we  drink  sterilised  water, 
breathe  pure  air,  eat  wholesome  food  that  has  been  properly  cooked, 
keep  the  latrines  and  night-soil  trencher  disinfected,  and  the  camp 
thoroughly  clean,  we  are  well  defended  against  this  disease. 

Purgatives  to  be  avoided. —It  is  scarcely  necessary  to  emphasise 
that  no  person  during  an  outbreak  of  cholera  should  take  purgative 
medicines  unless  specially  prescribed  by^a  medical  officer. 

1     Healthy  persons  may  be  the  carriers  of  cholera  bacilli— As  in 

enteric  lever,  so  in  the  case  of  cholera,  persons  in  perfect  health  may 
carry  the  germs  of  the  disease,  and  discharge  them  broadcast.  Dr. 
p.  GoTSCHLlCK,  at  the  plague  quarantine  camp  at  Torfor  Hadjis,' 
found  that  of  107  pilgrims  who  died  of  different  non-cholera  diseases,' 
the  true  cholera  vibrio  was  present  in  six  cases.  .  In  these  six  the  serum' 
agglutination  reactions  (see  foot  note  p.  486)  were  obtained  in  high 
dilutions  of  the  cholera  serum;  morphological,  cultural,  and  other 
ehara-cteriritics  of  the  bacillus  were  identical  with  those  of  the  true 
cholera  microbe.  These  six  cases  were  all  in  Russians  or  Turks  who: 
had  come  frotoldi^tricts  where  cholera  had  been  epidemic,  none  of  the 
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six  had  any  symptoms  of  cholera  while  under  observation,  nor  any 
indications  of  having  had  it.  These  people  had  been  two  months  from 
their  homes,  during  the  whole  of  which  time  they  were  probably 
discharging  cholera  bacilli  broadcast,  but  no  cases  of  cholera  were 
reported  at  Tor  or  in  any  part  of  the  route  to  Tor.*  One  has  for  years 
personally  known  that  there  are  cases  of  ambulatory  cholera  in  every 
•  widespread  epidemic  of  that  disease,  who  go  about  their  ordinary  work  ; 
■  and,  it  is  well  known  to  all  health  officers  of  large  towns  in  India,  that 
cases  of  minor  diarrhoea  occurring  during  cholera  periods  are  carriers 
.of  the  true  germs  of  cholera  to  other  persons  of  the  community,  'i'hese 
facts  present  us  with  a  very  formidable  task,  and  as  it  is  now  shown 
to  be  probable  that  persons,  insusceptible  themselves  to  cholera,  may 
yet  be  the  carriers  of  virulent  germs  of  the  disease  through  their 
discharges,  the  problems  of  the  prevention  and  methods  of  spread 
of  that  disease  have  a  wider  range  than  we  have  hitherto  anticipated, 
and  one  makes  this  remark  after  having  had  exceptional  experience  in 
investigating  the  origin  and  sprfead  of  many  epidemics  of  cholera. 

Anti-cholera  vaccination. — When  a  force  has  to  run  the  gauntlet 
of  a  cholera  epidemic,  the  advisability  of  universal  inoculation  with 
anti-cholera  vaccine  before  the  troops  start  may  have  to  be  considered 
by  the  Principal  Medical  Officer,  India.  There  is  much  evidence  in 
its  favour  as  a  protection  against  cholera. 

If  obliged  to  go  to  a  cholera  district,  it  is  advisable  to  get  inoculated 
against  the  disease.  This  is  a  simple  process.  It  consists  of  injecting 
under  the  skin  a  specially  prepared  vaccine,  ffaffkine's  anti-cholera 
vaccine.  This  consists  of  a  culture  of  a  powerful  vaccine  made  by 
passing  the  bacillus  through  the  guinea-pig.  It  causes  slight  indisposi- 
tion with  a  little  fever  and  headache,  and  pain  at  the  seat  of  the 
inoculation  for  24  hours.  The  inoculation  should  be  carried  out  before 
entering  the  cholera  district. 

Professor  Haffkine's  conclusions  regarding  the  effects  of  his  anti- 
cholera  vaccine  are: — (1)  The  protective  effect  of  anti-cholera  vaccine 
commences  soon  after  the  operation,  and  increases  rapidly  for  the  first 
four  days,  and  lasts  for  about  14  months,  after  which  it  rapidly  dimi- 
nishes and  probably  disappears  completely;  (2)  during  the  period  of  its 
activity,  the  vaccine  reduces  the  number  of  cases  amongst  those  protected 
to  less  than  a  tenth  of  those  occurring  amongst  the  unvaceinated  ;  (3)  the 
mortality  of  those  who  contract  the  disease,  whether  vaccinated  or  unvac- 
einated, differfl  but  little,  and  the  course  of  the  disease  would  appear  to 
be  unaffected  by  the  previous  inoculation.t 

Briefly  then  protection  is  obtained  by  strict  attention  to  the  water- 
supply,  food-supply  f specially  milk),  a  strict  conservancy  .system  in 

*  Annual  Beport  of  the  Sanitarp  Commissioner  with  the   Government  of  India, 

^^^^^mir'nal  of  the  Royal  Army  Medical  Corps,  Journey  1907,  p.  109. 
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.which  every  particle  of  excreta  is  disinfected  and  covered  the  moment 
it  is  evacuated,  watchfulness  for  the  earliest  signs  of  the  disease  in 
men,  who  mnst  be  compelled  to  go  to  hospital  at  once,  and  their  strict 
isolation  there. 

We  are  now  fairly  well  acquainted  with  the  nature  of  cholera,  its 
cause  and  methods  of  spread  or  epidemiology,  and  it  is  possible  in 
practically  all  cases  in  cantonments  to  prevent  its  attacking  troops 
epidemically,  although  the  labour  in  doing  so  may  sometimes  be  very 
considerable. 

Scurvy— Scorbutus. 

Scurvy  is  a  constitutional  disease  associated  with  great  debility, 
a  spongy  condition  of  the  gums,  extravasations  of  blood  beneath  the 
skin  and  into  the  subcutaneous  tissues,  a  tendency  to  haemorrhages 
from  the  mucous  membranes,  fcetor  of  the  breath,  and  ansemia.  There 
is  an  impoverished  state  of  the  blood,  and  some  change  takes  place  in 
the  walls  of  the  blood  vessels  which  permits  of  bleeding  from  them. 
The  disease  is  specially  associated  with  long  continued  use  of  improper 
and  often  insufficient  food,  and  it  is  especially  connected  with  the  absence 
of  fresh  meat  and  fruit.  It  is  greatly  predisposed  to  by  unhealthy 
hygienic  surroundings,  prolonged  exposure,  and  hardship.  Outbreaks 
occasionally  occur  in  troops  on  field  service.  Isolated  cases  of 
undeveloped  scurvy  occur  throughout  India  at  all  seasons. 

Diseases  from  defective  diet.— The  diseased  conditions  which 
may  result  from  defects  in  the  quality  and  quantity  of  food  are 
numerous  and  diverse;  these  have  been  partly  alluded  in  the  section  on 
^OOD,  and  It  IS  here  only  necessary  to  add  some  remarks  about  scurvy. 
The  condition  brought  about  by  ankylostomiasis  (a  severe  form  of 
anaemia  due  to  hook-worms  in  the  small  intestine)  undoubtedly 
predisposes  to  scurvy,  and  it  is  by  no  means  uncommon  to  find  both 
conditions  associated  in  the  same  patient,  especially  at  the  end  of  the 
hot  weather,  and  the  combination  is  a  grave  one.  Some  authorities 
believe  scurvy  to  be  due  to  a  microbe,  but  all  evidence  at  present  is 
against  such  a  vievv.  The  disease  is  curable  and  usually  rapidly  so  In 
cases  m  which  bad  hygienic  conditions  and  the  consumption  of  imp'roper 
M  continue,  death  usually  results,  generally  from  some  interest 

fh.f  Scurvy.-The  general  opinion  now  held  is 

their  change  in+a  A  k  .  ^  , '  ^""^  afterwards  become  alkaline  from 
"Z'^^^^^^  they  play  a  doub" 

reover,  when  free  and  in  the  presence  of  albumen  and 
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chloride  of  sodium,  these  acids  have  the  power  of  precipitating  albnmeh 
or  perhaps  setting  free  hydrochloric  acid."  Whatever  their  precise 
action,  they  are  a  necessity  in  the  economy.  It  is  the  deficiency  of 
these  particuhir  acids  and  salts  from  diets  which  causes  the  blood  and 
fluids  of  the  body  to  become  less  alkaline  and  gives  rise  to  scurvy,  and 
their  addition  to  diets  cures  scurvy.  Sir  Almkoth  Wright  holds  that 
scurvy  is  due  to  an  acid  intoxication  of  the  blood  in  which  the  alkalinity 
and  coagulability  of  the  blood  are  lessened,  arising  from  a  deficiency  in 
the  diet  of  alkaline  food.  If  all  fresh  vegetable  and  fruit  are  excluded 
from  the  diet,  the  acids  of  a  meat  diet  preponderate  over  the  alkalies  of 
vegetable  food  taken. 

Deficiency  of  fresh  vegetable  means  a  decrease  in  the  salts  of  tlie 
acids  named,  and  if  long  continued,  scurvy  follows  as  an  inevitable 
consequence.  Its  onset  is  greatly  assisted  by  supplementary  factors, 
such  as  actual  deficiency  of  food  generally,  exposure  to  cold  and  wet, 
moral  and  mental  depression,  excessive  fatigue,  etc.  The  organic  acids 
alluded  to  are  naturally  provided  in  the  juices  of  fresh  succulent  veget- 
ables, fresh  fruit,  tubers  and  roots.  We  should  remember  that  d'll^ 
peas,  beans,  and  other  leguminous  products  have  no  antiscorbutic 
value.  The  potato,  onion,  tomato,  fresh  cabbage,  and  radish  are 
amongst  the  most  useful  vegetables  against  scurvy.  It  is  not  generally 
known  that  the  different  varieties  of  cactus,  after  being  thoroughly 
cooked  by  roasting  or  boiling  the  soft  interior  succulent  part,  may, 
on  emergency,  be  used  to  prevent  scurvy,  and  although  it  is  seldoni 
very  palatable,  if  made  into  soup  it  may  be  rendered  agreeable. 

Scurvy  is  not  due  to  any  germ,  and  is  not  communicable  from 
rnan  to  man.  It  may  become  a  serious  cause  of  inefficiency  on  field 
service  under  the  influence  of  defective  diet,  especially  with  an  absence 
of  fresh  vegetables  and  fresh  meat. 

Partial  starvation  aggravates  scurvy.  —An  absolute  deficiency 
in  the  quantity  of  food  producing  partial  starvation  greatly  predisposes 
to  and  aggravates  scurvy.  Associated  with  this  combined  condition  of 
partial  scurvy,  there  may  be  low  inflammatory  affections  of  the 
internal  organs,  as  the  lungs  or  liver,  and  of  the  muscles  ;  dysentery, 
diarrhoea,  etc,  which  the  antiscorbutic  regimen  does  not  materially 
affect,  but  the  scorbutic  factor  is  remedied  by  it. 

Theoretically  scurvy  is  preventable.  -  Theoretically  it  may  be 
said  that  scurvy  is  quite  preventable  on  field  service,  and  that  its 
occurrence  stigmatises  the  work  of  the  sanitary  and  supply  services 
in  the  field.  That  it  can  be  greatly  kept  in  check  in  large  campaigns 
was  shown  by  the  Prussians  in  1870-71  and  again  by  the  Japanese 
in  1904-05.  It  would  seldom  occur  if  the  nature  of  the  soldier's 
diet  could  be  always  that  of  peacetimes,  and  its  constituents  varied 
in  accordance  with  the  principles;  we  have  previously  referred  to, 
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At  the  pr^'sent  day  its  existence  on  .  fi61d'  service  is  evidence.  o£  lack 
W  efficient  sanitary  administration  and  defective  transport/, or i short- 
sighted economy." 

Symptoms.— The  premonitory  signs  are— malaise,  great  debility, 
langour  Cbodily  and  mental),  rheuniatic-like  pains  in  the  limbs  and  joint^ 
generally,  breathlessness,  dry  skin,  puffiness  under  the  eyes,  ulcers  in 
the  mouth  or  soreness  of  the  tongue,  (the  gums  being  as  yet  unafiFected), 
discoloured  patches  in  the  lower  limbs  and  then  on  the  body.  Ansemia 
"soon  appears.  Subcutaneous  hajmorrhages,  especially  in  the  calves  of 
the  legs  and  in  the  back  of  the  knee,  which  are  painful,  tender  and  may 
■b0  extensive  ;  and  sometimes  bleeding  into  the  joints  occurs.  Extravasa- 
tion,into  the  muscles  may  occur.  A  diarrhoea  with  chocolate-like  stools 
,may  be  the.  first  sign.  The  gums  become  soft  and  swollen,  bleeding 
readily  on  pressure  with  a  tooth-brush  or  finger  to  clean  the  teeth,  and 
they  may  ulcerate  and  dough.  'J'he  breath  is  very  offensive.  Slight 
bruises  or  injuries  bleed.  The  ansemia  increases,  the  legs  become  dropsi^ 
^;al:and  the  face  puffy.  The  skin  is  dry  and  rough  and  there  is  the 
pallor  of  anternia.  As  seen  by  the  medical  officer  in  the  early  stagey 
there  is  usually  &orae  swelling  and  sponginess  of  the  gums,  which  bleed 
■readily.  Scurvy  may  first  present  the  characters  of  an  attack  of  rheumaT 
'tism,  or  even  of  a  very  severe  cold.  There  is  mental  apathy,  lassitude 
and  fatigue  is  easily  produced.  Ulcers  may  form  on  the.  legs  from 
trifling  injuries  or  spontaneously.    'J'hef  pulse  is  rapid  and  feeble. 

Prevention  of  scurvy. — In  the  prevention  of  scurvy  the  indications 
are — to  supply  the  salts  and  acids  which  have  been  absent  in  the  dietary, 
iand  the  avoidance  of  the  accessory  or  predisposing  causes  to  the 
disease. 

When  scurvy  threatens  lime-juice  to  be  issued  daily.— When- 
ever scurvy  threatens  and  the  authorised  ration  of  vegetables  is  deficient, 
an  ounce  of  good  Lime-juice  should  be  issued  daily,  and  it  should  be 
seen  that  the  men  take  it.  A  sufficient  supply  of  lime-juice  for  this 
purpose  should  always  accompany  the  force.  Preserved  lime-juice  is 
the  chief  article  we  are  obliged  to  fall  back  on  in  long  campaigns;  it 
forms  part  of  our  soldier's  ration— an  ounce  daily  being  given  ''in  the 
absence  of  fresh  vegetables.  A  supply  of  lime-juice  for  this  purpose 
is  invariably  cartied  by  the  Supply  and  Transport  Service.. 

^  Dried  vegetables  as  anti-scorbutics.— Dried  vegetables  are  anti- 
scorbutic, but  decidedly  inferior  to  fresh  vegetables,  as  their  oro-anic 
■acids  are  probably  to  some  extent  decomposed  by  heating  and  keeping 
W  hen  vegetables  are  dried  and  compressed,  a  large  proportion  of  the 
-acids  and  salts  are  removed,  and  what  remains  is  largely  indigestible 
cellulose  I  he  use  of  fresh  vegetables  sliould  not  be  superseded  bv 
^.reserved  or  compressed  vegetables,  if  fresh  vegetables  are  procurable 
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As  a  precaution,  preserved  or  dried  vegetables  should  be  issued 
early  ir.  a  campaign,  but  should  never,  if  possible,  exclude  the  use  of 
iresh  vegetables. 

Fresh  fruit— Fresh  fruit,  especially  lemons,  limes,  oranges,  grapes 
and  acid  fruits  generally,  are  excellent  anti-scorbutics.  Even  unripe 
fruit,  when  cooked,  is  better  tban  none,  and  when  scurvy  threatens, 
the  possible  occurrence  of  diarrhoea  from  their  use  may  have  to  be 
risked.  Dried  and  canned  fruits  are  also  valuable.  Dried  raisins  and 
currants  are  useful  anti-scorbutics,  and  other  dried  fruits  are  probably 
useful  as  such. 

Fresh  meat. — Fresh  meat  is  an  excellent  anti-scorbutic,  especially 
when  not  over-cooked.  The  Esquimaux  and  Red  India'ns,  who  live  on 
meat,  either  raw  or  partially  cooked,  and  have  often  to  go  without 
vegetables  for  long  periods,  do  not  get  scurvy.  Kane  in  his  Arctic 
Expedition  wrote  :  "  Had  we  plenty  of  walrus  I  would  laugh  at  scurvy." 
Pemmican  (see  p.  200)  consisting  of  fat,  sugar,  raisins  and  currants,  is  an 
excellent  antiscorbutic  for  cold  climates,  and  is  much  used  by  Arctic 
explorers  and  travellers  generally  in  the  Far  North  and  South. 

Vinegar. — Vinegar  consisting  largely  of  acetic  acid  has  long  been 
known  to  prevent,  and  even  cure,  scurvy.  It  is  very  inferior  to  citric 
and  tartaric  acid,  probably  because  it  is  not  combined  with  an  alkaline 
salt.  Citric  and  tartaric  acids  are  the  special  anti-scorbutics  upon 
■which  we  rely,  but  not  in  their  pure  chemical  form.  Vinegar,  half  an 
ounce  to  an  ounce  daily,  may  be  used  for  this  purpose  in  the  process  of 
cooking  food,  or  taken  with  pickles.  The  Komans  probably  owed  their 
immunity  from  scurvy  to  it,  and  it  was  a  recognised  anti-scorbutic  in 
both  armies  of  the  American  Civil  War  of  1862 — 64. 

Of  the  anti-scorbutic  fruits,  vegetables,  etc.,  obtainable  in  India  we  may  men- 
tion—orunges,  lemons,  limes,  grapes,  pummaloes,  pickles,  vinegar,  onions,  cabbage, 
turnips,  potatoes,  brocolli,  radishes,  mustard  and  cress.  The  fresh  '  milk  '  of  the 
cocoauut  is  said  to  be  highly  antiscorbutic.  Potatoes,  vrhich  may  always  be 
obtained,  are  one  of  the  best  anti-scorbutic  vegetables.  Amongst  other  uuti-scoi  butics 
that  may  be  used  are— tamarind  juice  fan  ounce  of  the  dried  tamarind  fruit  being  used 
to  a  pint  of  water,  as  a  drink  or  cooked  with  the  food,  decoction  of  pomegranate  or 
bael  fruit,  amchur  or  khattai  (dried  and  sliced  mangoes)  1  ounce  daily,  powdered 
and  used  with  soups  and  vegetable.  "  In  time  of  war  every  ^eget'ible  should  be  used 
which  it  is  safe  to  use,  and  when  made  into  soups,  almost  all  are  tolerably  pleasant 
to  eat." 

Beer  and  red  wines.— Good,  beer  and  red  wines  are  credited  with 
anti-scorbutic  virtues. 

Scurvy  gives  rise  to  over  200  admissions  yearly,  and  is  a  condition 
for  which  medical  officers  of  Native  units  should  be  on  the  look  out, 
especially  during  the  hot  weather  when  the  supply  of  vegetables  runs 
short. 

It  is  impossible  to  emphasise  the  importance  of  recognisino;  the 
possibility  of  vi^idespread  scurvy  occurring  in  improperly  rationed 
armies.    The  gruesome  story  of  the  history  of  that  disease  during 
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fhP  last  davs  before  the  captulation  of  Port  Arthur  is  fresh  in  the 
rSe  Jory  of  J  1  readers  of  military  history.  Indeed  its  terrible  ravages 
rrHtafed  by  some  authorities  to  be  one  of  the  immedmte  causes  for  the 
surrender  of  that  fortress  (see  p.  .^9)- 

A  form  of  latent  or  undeveloped  scurvy  is  very  common  in  India 
and  is  at  the  root  of  much  disease.  A  small  degree  of  scurvy  may  exist 
for  a  long  time  without  active  symptoms.  Its  first  ind.ca  ion  may  be 
dropsy  of  the  feet  and  legs  or  bruising  of  the  surface  from  slight  causes 
may  be  the  only  sign.  The  slow  healing  of  wounds,  or  wounds  bleeding 
readily  is  another.  The  condition  dealt  with  in  tlie  next  article  is  also 
an  undeveloped  form  of  scurvy  that  is  indirectly  the  cause  oi  much 
sickness. 

Ulckrated,  Swollen,  and  Spongy  Gums 

Nature  of  this  condition.— One  would  take  this  opportunity  of 
inviting  attention  to  the  ereat  prevalence  of  a  condition  of  the  gums 
which  arises  during  our  Indian  frontier  campaigns,  especially  those 
lasting  over  four  months,  i.e.,  to  a  shite  of  ulceration,  sponginess,  and 
swelling  of  the  gums  ;  and  frequently  associated  with  this  we  find  the 
mucous' membranes  of  the  tongue,  clieeks,  and  mouth  generally,  more 
or  less  denuded  of  epitheUum,  or  presenting  small  visible  ubers  here 
and  there.  Accompanying  this  there  is  often  a  more  or  less  septic 
condition  of  the  mouth. 

Its  widespread  occurrence  in  India.— This  condition  is  very 
widespread  in  some  parts  of  India  at  certain  seasons  of  the  year; 
it  is  especially  associated  with  periods  of  drought  and  scarcity.  One  can 
recall  finding  it  in  three  out  of  five  Mative  regiments  at  one  time  in  the 
Deccan,  and  at  the  end  of  the  Tirah  1  ampaign,  cases  of  it  were  to  be  met 
in  most  Native  regiments.  It  is  p;iinless,  often  the  man  does  not 
know  that  anything  is  the  matter,  and  he  rarely  comes  to  hospital  for  it 
s(^.ontaneoi]sly.  It  is,  in  general  appearance,  at  first  sight,  similar  to 
what  dentists  call  pus  from  the  teeth  sockets  { Piarrhoea  alveolaris) ,  a 
very  chronic  and  somewhat  formidable  malady  leading  to  atrophy  of  the 
gums,  loosening,  and  eventually  falling  out  of  the  teeth.  This  is  not  the 
case  in  the  condition  under  reference.  A  week's  treatment  after  return- 
ing from  field  service,  or  a  few  week's  treatment  when  on  service,  and 
the  men  recover  completely  without  any  loss  of  teeth.  It  is  also  very 
similar  to  what  one  sees  in  the  incipient  stage  of  scurvy,  and  is  occasion- 
ally associated  with  the  more  positive  manifestation  of  the  scorbutic 
state,  sucii  as  haemorrhage  from  the  mucous  membranes,  anaemia, 
dysentery,  etc.  It  likewise  responds  to  local  treatment  and  antiscorbutic 
measures.  It  seems  in  Indian  warfare  to  precede  tlie  appearance  of  the 
actual  classical  signs  of  scurvy.  It  was  very  prevalent  in  Somaliland 
in  190;^-04  before  the  outbreak  of  ac<M-'(i  scurvy.  Yet  there  is  little 
in  this  state  to  justify  one's  calling  it  scurvy.  Personally  lam  inclined 
to  consider  this  an  ante-scorbutic  manifestation. 
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liable  to  any  one  Of  th  "  '^'^  ^^"^^^^  victim 

bowels  whioh  mn  K  "'•^^^^'J^^  maladies  of  the  air-pas.ages  and 
inLl  no  or  L^.f^  be  associated  with  oral  sepsis.  Apart  from  the 
Tbso  of  th?   °  f  g^^^/f  ^''^^^  specific  disease,  the  constant 

toxTns-f?om  f      r  ^^^^  putrefaction-germs  and 

oi  vitality  and  lowered  resistance  to  disease-causes  eeuerallv  a  i.oint 

tr'Z"  Irr'  r ""t-     ^^^^^  perfecf  .^11";:  Cw 

for  manv  hT  1'^''^'^"'  "'-^        ^'^PPy  hunting  grounds 

mLouf  n?;::,?'-^^^^^  Serms .    With  the  uom.al  conditlS  of  the 

produce  Z     r""^"  lungs  and  bowels,  the  germs  reaching  them 

Thet  Hp  ''''''^  "^^y   be  the  case,  however, 

When  these  mucous  membranes  are  in  any  way  damaged,  their  resistance 

ilir::r  ^""^  'i""  '^^^^  ^^^^^  varleties^f  bacilli  and  coed 

thfr^nnf °'  Present  on  the  surface  of  the  hody,  in 

ter.T  f  •'''J"^''''"^.'''  ^'^"^^«tary  tract-germs  of  pneumonia,  dysen- 
S'th?,  f^^'^^'I'te- -usually  operate  on  barren  soil  in  thoroughly 
heal  hy  men,  the  cells  of  the  tissues  being  then  in  their  highest  slat^ 
oi  physiological  defence  and  antagonism. 

•  It  is  remediable.-As  previously  stated  the  condition  is  remedi- 
able Its  appearance  m  any  regiment  is  an  indication  that  there  is 
something  defective  in  the  feeding  of  the  men,  and  as  a  rule  it  will  be 
tound  that  the  men  are  living  on  a  monotonous  diet,  consisting  chiefly 
of  nee,  or  atta  and  dal,  with  little  or  no  vegetables  or  fr.sh  meat. 

Whilst  it  occasionally  occurs  in  emaciated  and  anaemic  m^n,  it  is 
sometime,  found  in  well-nourished  men.  It  is  one  indication  of  com- 
mencing defective  nutrition  and  should  be  taken  as  a  timely  warning 
of  there  being  some  defect  in  the  quality  of  the  food. 

Preventive  and  curative  measures.— In  an  epidemic  of  this  con- 
dition m  a  Native  infantry  regiment  which  one  had  to  inv.  stigate  and 
report  ou  not  long  ago,  the  following  recommendations  were  made 

1.  An  issue  of  an  ounce  of  lime-juice  daily  for  a  period  of  one 
mon  th,  and  if  the  condition  has  not  con.«<iderably  abated  by  that  time,  a 
further  issue  of  an  ounce  twice  a  week  for  another  month. 

2.  The  daily  use  of  at  least  eight  ounces  of  fresh  vegetables  (prefer- 
ably potatoes  and  onions),  for  one  month,  and  a  similar  quantity  at 
least  three  times  a  week  for  three  mouths,  after  that  period. 

3.  The  use  of  eight  ounces  of  fresh  meat  per  man  twice  a  week. 

4.  The  issue  of  half  an  ouce  of  utnchur  and  of  dried  tamarinds 
{iriiU)  on  alternate  days,  to  be  cooked  with  the  food. 

0.  The  compulsory  use  of  aUa  instead  of  rice  for  at  least  thiee  days 
in  the  week,  lol-  the  ensumg  two  mouths. 
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6.  That  the  men  be  advised  as  to  the  necessity  of  thoroughly  clean- 
ing their  teeth  daily. 

7.  Tlie  attendance  at  the  hospital  daily  of  all  cases  of  swollen 
sjTOngy  or  ulcerated  guins  for  (local,  and  if  necessary  general)  treat- 
ment--these  cases  need  not  be  admitted  into  hospital,  nor  struck  off 
duty  for  the  purpose  of  attending  hospital. 

8.  The  medical  officer  of  the  regiment  to  make  a  weekly  medical 
ins[)ection  of  tlie  whole  regiment,  and  report  the  result  of  the  measures 
suggested,  i 

These  suggestions  would  hold  equally  good  on  field  service. 

The  condition  of  the  mouth  and  gums  of  all  troops  requires  coustaiit 
watchfulness.  Wherever  there  is  a  prevalence  of  a  diseased  condition  in 
these  regions  there  will  also  be  an  increase  of  diarrhoea,  dysentery  and 
alimentary  troubles. 

Chronic  Rheumatism. 

This  sometimes  follow.i  oue  or  several  attacks  of  acute  rheamatism,  some  joint 
or  joints  remainiag  stiff,  pBiufii],  and  enlarged,  but  usually  it  occurs  as  an  indepen- 
dent, d'sease.  Sometimes  it  comes  on  insidiously  and  is  progressive  from  the 
beginning;  the  function  of  the  implicated  joints  are  impaired,  there  is  wasting  of 
the  muscles  adjacent  to  the  joints  from  want  of  use,  and  the  condition  is  niuch 
iuflueuced  by  meteorological  changes.  It  is  especially  common  amongst  the  impov- 
erished middlH-aged  soldiers  approaching  their  time  for  pension.  The  real  nature 
of  this  aflection  is  not  as  yet  completely  understood.  The  fibrous  structures  around 
joints,  the  sheaths  of  muscles,  tendons,  fibrous  coverings  of  nerves  and  of  bones  may 
all  be  affected;  these  may  become  inflamed,  but  there  is  little  alteration  in  structure 
manifested,  and  this  even  when  joints  are  involved,  though  they  usually  become 
stiff  and  limited  in  their  movements. 

Symptoms-— The  chief  are— pain,  tHndemess  and  atiffnesain  the  parts  involved. 
The  pain  is  worse  on  mi'vemeut,  although  carefully  adjusted  and  systematic 
e.vercise  frequently  lessens  and  sometimes  completely  removes  the  pain.  In  a 
joint  there  may  be  slight  swelling,  which  after  a  few  days'  rest  may  disappear.  The 
pain  IS  usually  localised. 

Prevention. — There  is  a  special  tendency  for  the  disease  to  occur 
in  some  men,  and  little  can  be  done  in  the  way  of  prevention. 

Acute  Bronchitis. 

This  is  an  acute  inflammation  of  the  mucous  membraue  of  the  bronchial 
tubes  usually  due  to  exposure  lo  cold,  the  inhalation  of  irritating  dust  or  to  certain 
infectious  agents.  ^-ciunu 

Symptoms.— The  disease  begins  wit\i  symptoms  of  a  common  cold  mins 
about  tue  chest  and  cough.  The  pain  is  usually  associated  with  a  feeling  ol  rawness 
t'JTTr  ^T^^'^  breast-plate.    The  expectoration,  at  first  scan tf  and 

im  Ja^;  ^^'^^         pain  in  the  chest  abates  or  dm- 

ayyaa.ia  mere  18  auhculty  ot  breathing.  Whe  eztni/  noises  are  heard  all  ov^r  tha 
chest,  and  as  peculiar  thrill  is  felt  when  the  chest  contains  phlegm,  this  disapnear^ 

rrts  frem^'S""i'''°"?^'^^"^L""'^  ^^"PP^''^'^  it  aSain%c'cumuIates ^^Th 

Ti  frt  i  T  V"''  f"''''"^  ^^'^'1  th*^  mucous  contained  in  the  bronchial  tube« 
There  18  fever,  but  the  temperature  seldom  goes  beyond  lUiM<\.  and  t^hrskm  u 
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moist.  The  iiriiie  ia  scimtv  and  liifjli-cnltniiod.  At  the  end  of  three  or  four  dtiys  the 
fever  and  the  more  acute  symptoms  gnidually  subside,  coiivalesence  being' mther 
slowly  establisihed.  If  the  case  is  pelting  worse  the  i)reviou8  dilticulty  of  breathing 
becomes  more  pronounced,  the  lips  become  purple,  the  fever  contiimea;  this 
usually  arises  from  extension  of  the  disease  to  the  smaller  bronchial  tubes  (  p.  138  , 
Broncliilis  is  frequently  a  terminal  ilisease  in  rjuonic  malarial  infection,  malarial 
cachexia  (p.  4C3),  kala-azar  (p,  482',  and  other  fevers  and  is  then  often  fatal,  especi- 
ally in  the  cold  weather,  and  in  places  where  there  is  great  difference  in  the 
meteorological  temperature  between  day  and  night. 

Prevention.  —  The  general  measures  for  the  prevention  of  bronchitis 
are: — avoidance  of  causes  of  chills,  especially  remaining  in  clothes  that 
have  been  rendered  moist  by  rain,  athletic  exercises,  or  games ;  the 
regular  use  of  flannel  shirts,  and  free  ventilation  of  barracks  and  tents. 
Soldiers  who  have  a  special  tendency  to  bronchitis  should  during  the 
intervals  between  the  attacks  practice  deep  breathing  exercises  (pp.  47, 
48),  sleep  in  the  open  under  mosquito  curtains,  gradually  accustora 
themselves  to  a  cold  bath  daily,  and  avoid  the  use  of  heavy  outer  gar- 
ments and  mufflers,  which  make  the  skin  highly  sensitive  to  changes 
of  weather. 

t*NEUMONlA. 

Synonyms. — Acute  Croupous  Pneumonia  ;  Lobar  Pneumonia 

These  are  the  terms  applied  to  an  acute  infectious  fever  charac- 
terised by  an  inflwrnmation  of  one  or  more  lobes  of  the  lung  (or  of  both 
lungs),  the  aSected  part  of  the  lung  being  rendered  solid  owing  to  the 
exudation  of  fibrin  and  white  blood  cells  into  the  air  sacs  (p.  139). 
Tlie  exciting  cause  is  geserally  a  special  diplococcus  ( Diplococcus 
pneumonice  of  Fraenkel),  but  other  micro-organisms  may  very  occa- 
sionally produce  it. 

The  diplococcus  of  pneumonia  is  one  of  the  ordinary  inhabitants 
of  the  moutli  and  nasal  passages,  and  although  we  frequently  inhale  it 
from  these  passages,  so  long  as  we  are  in  perfect  health,  it  does  not 
multiply  to  auy  extent  in  the  lungs.  It  is  one  of  the  most  widely 
distributed  and  most  fatal  of  the  acute  infectious  diseases  of  this 
country— this  remark  refers  specially  to  the  unseen  and  untreated  cases 
that  occur  in  Indian  villages,  although  a  higher  proportion  of  cases 
occur  in  town.  All  debilitating  influences  predispose  to  it.  Pneumonia 
frequently  occurs  after  exposure  to  cold  which  predisposes  to  the 
disease 

Pneumonia  on  field  service.— In  some  of  our  Frontier  wars 
pneumonia  has  been  the  cause  of  considerable  mortality.  There  have 
been  curiously,  other  campaigns  in  the  same  regions  where  the 
incidence  of  pneumonia  was  an  almost  negligible  factor.  The  same 
disparity  is  visible  in  the  statistics  of  our  large  manoeuvres.  During 
the  Delhi  Manoeuvres  in  November  and  December  1902,  we  received  a 
large  number  of  cases  into  the  Native  General  Hospital.  In  the 
Rawalpindi  Manoeuvres  of  1905,  during    the  ten  days  the  Native 
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General  Hospital  was  open,  we  received  only  five  'mses,  although  the 
forces  were  bivouacking  for  several  nights.  It  is  fairly  established 
that  exposure  and  bivouacking,  when  not  too  prolonged,  with  reasonable 
precautions  can,  in  a  trained  force,  be  carried  out  without  harm  to  the 
health  of  the  men.  It  is  moderately  certain  that  pneumonia  acquires 
in  some  campaigns  and  manoeuvres  an  epidemic  intensity,  and  that 
the  virulence  of  the  special  microbes  causing  it  increases  when  this  is 
the  case.  Under  ordinary'  circumstances,  we  look  upon  this  disease  as 
an  acute  specific  fever  in  which  the  dominant  symptoms  are  manifested 
on  the  heart  and  lungs. 

The  admission  and  death  rates  amongst  European  troops  in  1907 
from  this  disease  were  i!-8  and  0-o5  respectively  per  1,000  of  strength, 
the  total  admission  being  195  and  deatlis  2il  ;  in  1908  the  admission 
and  death  rates  where  3-1)  and  the  total  admissions  lieiiig  269  with 
27  deaths,  and  in  190!)  the  admission  and  death  rates  were  2  9  and  0-31 
there  being  209  admissions  with  22  deaths  In  the  Native  Army  in 
1907  the  admission  and  death  rates  were  12"4  and  1  99  respectively 
per  1,000  of  strength;  in  1908  the  admission  and  death  rates  were 
12-8  arid  2-20  respectively,  and  in  1909,  the  admission  and  death  rates 
were  11 -8  and  1-88. 

Symptoms.— The  disease  sets  in  suddeuly  with  n  chill  or  serips  of  rieors  thp 
temperature  rising  rapidly  to  103»  or  104'-^  F.,  the  respirations  increase  to  from  30  to 
60  or  more  in  the  minute,  while  the  pulse  is  not  proportionately  accelerated  There 
IS  at  first  a  slight  cough  with  scanty  spit  which  is  viscid,  but  it  soon  becomes  rustv- 
colouredaiid  contains  some  blood  and  ciowds  of  the  causative  germs.  There  is 
difficulty  of  breathing,  and  ihe  cheeks  are  flushed.  The  cough  increases,  the  exnec- 
toration  IS  larger  in  quantity,  more  tinged  with  blood  and  less  sticky  There 
pa.n  in  the  side  of  the  chest  afiected,  nsually  below  the  nipple  and  armpit,  whLh 
isiucreased  on  coughing  and  during  deep  breathing.  The  tongue  is  coated  there 
IS  thirst,  loss  of  appetite  and  there  may  be  delirium.  An  eruption  of ^maU 
blisters  may  appear  on  the  lips  between  the  2nd  and  5th  days.  Ke  s%mntomi 
go  on  for  from  5  to  7  or  9  or  even  11  days,  and  suddenly  subside  Sis)^  profuse 
perspiracou  occurs,  and  the  temperature  drops.  The  cough  contiuTs 'and  Z 
expectoration  becomes  less  blood-tinged  aud  now  consists^ of  a  roU  y  ye  owSh 
material.  The  urine,  which  was  scanty,  becomes  u  -rmal  or  excessive  in  ananHft 
and  the  chlorides  in  the  urine  which  were  very  considerabirdecreased^are  now 
increased  beyond  the  normal.  ^'""'j'  uei-reasea,  are  now 

serious  disease.    The  amount  nf  hi nn   Jfcl!  ^    °  ^'"^  severe,  is  a 

to  the  extent  of  lui^^  trsSnvol  ved  T^^^^  proportion 
associated  with  intense  l.lnL  Jni^?  T  of  lung  disease  may  be 

any  time  ^^corn^^^i^t^^lZ^&XS^ZZ^t^r'  "  "^''^  '^"'^^"^ 
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Prevention — The  soundest  prophylactic  means  are  good  ventila- 
tion, healthy  living,  avoidance  of  chilis  and  cleanliness  of  the  mouth 
and  teeth.  The  strongest  predisposing  factors  in  bringing  about 
pneumonia  are  closeness,  overcrowding,  and  bad  ventilation.  Cases  of 
pneumonia  should  as  far  as  practicable  be  isolated,  and  their  expec- 
toration, which  swarms  with  the  germs  of  the  disease,  should  be  dis- 
infected. 


Fainting  ok  syncope. 

Fainting  usually  begins  with  a  feeling  of  giddiness  and  that  everything  is 
going  round  ;  tliere  is  some  fluttering  of  the  heart,  followed  by  pallor  of  the  face  ; 
the  pulse  is  weak,  the  breathing  quick,  a  cold  sweat  occurs  on  the  face  and  hands, 
the  person  staggers  and  then  falls  to  the  ground  more  or  less  unconscious  for  few  a 
minutes  or  so. 

Fainting  arises  from  a  diminished  supply  of  blood  to  the  brain  due  to  tem- 
porary weakness  of  the  heart.  The  main  object  is  to  restore  the  circulation  of  the 
brain  to  its  normal  condition.  Hence  we  lay  the  patient  flat  ou  the  back,  loose  all 
tigiit  clothing  about  the  body  and  neck,  give  plenty  of  fresh  air,  sprinkle  or  dash 
cold  water  on  the  face,  apply  smelling  salts  to  the  nose,  rub  the  limbs,  and  when 
able  to  swallow  give  a  teaspoouful  of  sal  volatile  in  a  wineglassful  of  water,  or 
a  little  brandy  or  whisky  and  water,  and  let  the  patient  remain  recumbent  for  a 
while  after  recovering  consciousness.  If  the  faint  continues  apply  warm  bottles 
or  some  other  form  of  warmth  to  the  feet,  a  mustard  plaster  over  the  region  of  the 
heart,  and  if  the  breathing  threatens  to  stop  artificial  respiration  is  to  be 
carried  out. 

Prevention-— A  sound  system  of  physical  training,  the  avoidance  of  overfatigue 
in  the  case  of  men  who  have  run  down  from  any  cause,  and  watching  for  the  earliest 
stage  of  disease  amongst  men  in  the  ranks  are  the  best  means  of  preventing  cases  of 
fainting. 

DiARRHCEA. 

DiarrhcBa  is  a  condition  characterised  by  increased  frequency 
and  decreased  consistency  in  the  evacuations  from  the  bowels.  This 
increased  discharge  of  faeces  may  arise  from  an  increased  amount  of 
intestinal  secretions  or  by  anything  that  excites  peristaltic  action. 
Apart  from  actual  disease  of  the  intestines,  the  most  frequent 
causes  of  diarrhoea  are  eating  improper  food,  indigestible  food, 
excess  of  food,  food  that  is  decomposing  or  improperly  cooked  or  in- 
completely chewed,  unripe  fruit,  drinking  cold  liquids,  especially 
when  over-heated,  excitements  of  the  nervous  system,  sudden  exposure 
to  heat  or  cold,  worms  in  the  bowel,  and  the  injudicious  use  of  pur- 
gatives. It  mav  also  arise  from  unhygienic  surroundings,  breathing 
impure  air,  especially  the  foul  air  from  faecal  decomposition.  Not 
unfrequently  it  is  produced  by  exposure  to  cold,  sudden  checking  of 
perspiration,  abdominal  chill  acquired  at  night,  keeping  on  wet  clothes, 
drinkincT  cold  iced  or  acid  drinks  when  the  body  is  overheated.  It  is 
specially  prevalent  in  neglected  standing  camps.  Infected  flies  and  dust 
are  probably  instrumental  in  carrying  the  disease  to  the  healthy. 
Food,  milk,  and  water  require  special  attention,  aud  latrine  trenches 
should  be  closely  watched  and  properly  looked  after. 
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Diarrhoea  may  also  be  the  earliest  sign  of  infective  diarrhoea  or  dyseuterv  •  it; 
may  be  associated  with  malarial  iufectiou,  kala-azar,  and  various  forms  of  septic 
poisoning  ;  it  may  occur  during  the  crisis  of  soma  acute  diseases  ;  it  is  a  prominent 
symptom  lu  typhoid  fever,  sprue,  hill  diarrhoea;  chrouic  catarrh  of  the  bowels,  etc. 

Whilst  improper  feeding  is  the  cause  of  many  cases  of  diarrhcsa 
and  intestinal  disturbance,  it  probably  causes  much  more  sickness  and 
mortality  indirectly  by  preparing  the  mucous  membrane  of  the  alimen- 
tary tract  for  the  ravages  of  a  specific  microbe  having  many  characters 
similar  to  the  diflferent  species  of  the  bacillus  of  epidemic  dysentery. 

Amongst  European  troops  diarrhcea  was  responsible  for  l'>17 
admissions  with  1,  death  in  1908,  and  896  with  1  death  in  1909.  "in 

!nd'l  00r«f ^''!."f.*'  M  15  admissions  with  8  deaths  in  1908, 
and  1,005  admissions  with  5  deaths  in  1  909.  Diarrhcea  is  one  of  the  most 
frequent  causes  ot  inefficiency  on  field  service,  both  when  on  the  move 
and  in  standing  camps.  In  the  returns  "  diarrhoea  "  includes  also  casls 
of  infective  diarrhoea  which  is  a  much  more  serious  condition! 

norm^ralTLT'r'du^e?  more  fre,ueut  motions  than 

often  distension  of  theabdomen,  aKmetimU  coiick  n?i''°*"^"^  '""^  fla.ulency, 
mg.    There  is  thirst,  scanty  uHne   and  a  TJpH^?!  n/  1^^"V^'"'^''«^'-^  or  actual  vomit- 

necessary  to  .se.rtalii  how  ,t  bea«n  the  amo",  I?  J  ""'ute  of  the  <liarrh<8a  it  is 
abd„„ea  d„r„>g  and  att„  relSg  tt  LoweTa  and  lo'^^ot'^V'™  '»« 
colonr  and  smell  „I  th.  stool.,  and  oblerve  tLeHther  ch.r'Jiers        '  o»n»utency, 

gastro^intestical  tract  caused  n  mill  K  "flammation  of  tl,e 

case),  and  characterised  by  vomiting    diarrhoS  f«?        i  ^ 
On  field  service  it  causes  'no  inconslde;  L  ^s^  ^ihl  f^"'' 
from  men  being  obliged  to  go  on  the  sicklL  for  it     The  d^f'  "^''^^ 
affect  many  persons  at  the  same  time  and  place  and  i-^  H  .   f       '^  "^^^ 
in  the  category  of  epidemic  infective  d^.^sel'  '""^^^^^ 

summer:tti^S^X':S::;i;-..K^  -rally  in  the 
occur  throughout  the  year     TheTuSc  f;;  everywhere,  and  may 

tary  tract  in  the  same  way  as  ho"e  of  df-  ^^^^  reaches  the  alimen- 
the  preventive  measures  U  a Wt  iH-r^^^^  en teiic  fever,  and 
principles  as  in  these  diseases  In  a^o^^^^^^^^^^^^  «ame 
in  which  it  has  been  looked  L  Per  cent,  of  the  cases 

bacillus  has  been  found     a1  Z'    T  ^"^"^  °f  dysentery 

microbe  is  found  to  be  .tl  ^IT  T  ^'"^  ^^^^  ^^^^  sinde 
this  condition,  and^it  tu  ^^pl'/;;!  ^"'^  associated  w^^'h 
disease  arises  from  the  combi^.effivifct  of  "T'       ^'^'^^  ^he 

iorais,  some  of  which  belong  to  weU^!^::- ^iL^  ZZr;'o^:i 


560  PREVENTION  OF  DISEASE 

and  wide  distribution.  In  cases  in  which  blood  and  wucuh  *  appears 
in  the  stools,  the  bacillus  dysenterice  (Flexner  or  Shiga-Kruse  type) 
are  usually  to  be  found.  When  the  motions  are  very  offensive,  it  is 
probable  that  one  of  the  Proteus  group  may  be  incriminated,  especially 
the  bacillus  protects. 

There  is  little  resemblence  in  the  majority  of  cnses  between  epidemic  disirrhoea 
and  epidemic  dysentery  except  in  the  n<»ture  of  the  inlecti ve  b..cilh.  The  diflerence 
in  their  symptoms  and  effects  on  the  bowels  would  point  to  their  being  distinct  and 
indBpendent  diseases.  The  effects  on  the  walls  ol'  the  bowels  of  epi-  em,c  diar.hoja 
"S  very  considerably,  whereas  those  of  b.^cillary  dysentery  d.ffer  from  each 
other  only  in  degree.  It  is  possible  that  the  condition  may  arise  trom  dlS^'ent 
Sec  es  of  micvo  organisms;  for  the  present  we  mast  consider  the  subject  of 
Kaus  ttion  of  the  disease  subjudlce.  Of  one  thing  we  are  practically  certa.n-it 
is  bacterial  in  origin. 

It  is  largely  due  to  drinking  water  containing  the  germ  or  germs 
of  the  disease,  or  the  miik  contaminated  with  such  water,  or  to  food 
contaminated  'by  dust  or  flies  carrying  the  germs. 

'•  The  essential  cause  of  epidemi.^  diarrhoea  resides  ordinarily  in  the  superficial 
1  ..f  thP  Parth  where  it  is  intimately  associated  with  the  lite  processes  of  some 
Scl-rni?!^  no?  3'eri^s^  The'  vital  manifestations  of  such  organism  are 

deSnderam^nrotl.er  things,  p.rha  of  season,  and 

on  the  presence  of  dead  organic  matter  which  is  Us  pabulum. 

It  i''  predisposed  to  by  hot  weather  and  unhygienic  surroundings. 
The  incubation  period  is  short,  varying  from  a  few  hours  to  a  fewdays_ 
The  infective  agent  is  in  all  probability  contained  m  the  excreta  of 
those  suffering  from  the  disease. 

Q^^^tnms  -It  is  usuallv  preceded  fcr  a  day  or  two  by  simple  diarrhoea  or 
Symptoms,  It  IS  usua^  alimentary  tract,  but  it  may  come  on  quite 

other  8>g"8.ot  ^'^"'XostinCessLit  vomitings  occur  simultaneously 

suddenly.  Violentaud  a  most    cessant  v^^^^     g  ^^^^^  ^^^^^^^ 

^ith  restlessness  and  irriU^^^^^  Aienomena  of  fever,  the 

thirst  which  IS  usually  """^.^^l  ^'^^^Qt  ^  and  often  pains  in  the  abdomen,  the 
temperature  ranges  from  102  F^to  04  ^  '  ^'^^^  ^^J^^^^^  or  even  suppressed.  The 

breathing  is  X  o^se  and  waTer^V  -  there  is  rapid  loss  of  bulk  and  great 

stools  may  become  «f  f  ^'^^^yX^J'^'J  more  oVl ess  collapsed,  with  cold  extremities. 

The  most  striking  features  of  t^e  disease  are  the  diarrhc«a,  thirst,  rapid 
reductJo^rntie  b'iTl^o'f  the  body,  and  the  extreme  prostration. 

Prevention-Thechief  means  of  preventing  this  disease  is  the 
Prevennon.    Ai      ^    -i  ^.revention  of  surface  pollution,  proper 
thorough  drainage  of  the  soil,  preven^^  cantonments;  proper 

scavenging  and  ^^^ering  of  s  reets  and  ro^^^^^^  ot  ^^^^^^^  P 

"^^""of"  trdi^sT  r^  t:iTe:;:m^^^^  and  disinfected  and 
Serald'  sttXtion  of  all  milk-su'pplies.  and  careful  attention  to 

the  storage  of  all  foods^^^^__   _ 

 — ^  ~~   :    ~     •„  1  fl.iid  RPcreted  bv  the  mucous  membrane.'*,  and  is 

.  Mucus  is  a  v.«cid  '^^K'f^^^^]^ ^^ZTu^^^^^  of  the  nose  and  bronchial 

best  exemplified  by  th^tff;^^'j;',S.Uranes,  and  serves  to  moiste 


excessive. 
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All  milk  during  the  hot  weather  should  be  sterilised.  As  the 
germs  of  the  disease  are  contained  in  the  discharges  of  patients,  every 
precaution  must  be  taken  to  effect  the  destruction  of  all  bacilli  leaving 
patients  suffering  from  the  disease,  and  of  preventing  these  bacilli  in 
any  way,  directly  or  indirectly,  getting  to  the  water-supply,  the  food, 
•or  the  air.  In  the  early  stage  of  an  epidemic  the  spread  of  the  disease 
may  as  a  rule  be  readily  stopped.  Several  cases  of  diarrhiKa  at  the 
same  time  in  the  same  locality  call  for  special  enquiry  as  to  their  cause, 
in  most  cases  it  is  possible  to  find  such  a  cause  and  to  either  remove 
it,  or  the  conditions  giving  rise  to  it.  In  this  investigation  the 
medical  officer  should,  when  necessary,  avail  himself  of  the  assistance 
of  the  sanitary  officer  of  the  brigade  or  division,  whose  special  skill 
will  often  be  found  most  helpful, 

DVSENTERS", 

Dxfsentery  is  the  term  applied  to  a  group  of  diseases  associated 
with  inflammation  of  the  large  intestine,  and  characterised  by  pain 
in  the  abdomen,  frequent  calls  to  stool  with  the  discharge  of  blood 
and  mucus,  much  straining,  griping  pain  in  the  abdomen,  and  usually 
with  fever. 

The  different  forms  of  dysentery  are  now  classified,  according  to 
their  cause,  into— (1)  hacillary  ov  epidemic,  dysentery,  due  to  one  of 
several  species  of  bacilli  which  gain  access  to  the  bowel;  (2),  endemic 
■or  ann&ibw  dysentery,  due  to  a  particular  va^-iety  of  amceba  affectini? 
the  large  bowels  and  (3)  sporadic,  not  arising,  as  far  as  we 
know,  from  a  specific  cause.  All  these  varieties  occur  throughout 
India,  the  baciUary  form  being  by  far  the  most  prevalent  The 
predisposing  causes  of  all  forms  of  dysentery  are  chill  exposure  to 
vicissatudes  of  weather  attacks  of  indigestion,  or  the  irritation  of 
indigestible  food,  defective  diet,  etc.  These  prepare  the  way  for 
the  attack  of  the  special  bacillus,  or  amoeba,  or  arouse  virulence  in  the 
activity  of  the  normal  flora  of  the  bowels,  ^ruience  m  the 

Symptoms  — The  symptoms  coinynon  to  all  acute  cate^  nt  ,Jn^.^t 
follow.  :-Ater  wkat  appears  to  beau  ordinary  attack  of  d?arrhc^f  IfsH•L'"■^ ''''' 

.r  reddish  colour  froo.  tl" mrxeWod^'^hette^ 

strainmt'  at  s too  and  an  incrfii«inrr  in,.i;„af;r>.,  ^  &''P'"g  p.iius  m  the  abdomen, 
t^atient  may  be  ^^^-^s  TC^^^^  the 
BOW  cotitain  no  freces ,;  with  each  evacwaHon  IL^^f  7.  m  "^^^^it^s  or  so.  Tiio  stools 
stained  offensive  1elly-like  sti^Ts  pas^^^^^^  Wood- 
coated  and  furred,  and  there  may  be  sZe  nrsea^.tt  "^T^'^S-  Tl>^  tongue  is 
There  is  usually  teiidpr.iP.<«  n?tho  „i  ir^  nausea,  especially  m  the  esu-lv  Htao-e 
The  pulB^  may  l^com"  smai  and  eaueir'ri  ^^P^^^'^^''^  °" 
the  mildest  and  most  sevme  f.  ^  n  I'  '"'^  ^«^er,  except  iu 


7l 


'662  PREVENTION  OF  DISEASE 

discharged  consists  of  shreddy -looking  mateifal  of  chocolate  colour  which  is  horribly 
offensive.  The  tongue  is  red,  or  covered  with  a  brown  fur,  the  teeth  are  covered 
with  dirt  accumulated  from  the  mouth  and  saliva,  the  abdomen  is  distended  and 
tender,  and  there  may  be  bleeding  from  the  bowel.  The  temperature  usually  rises 
to  103^  F.  or  even  to  105°  F.,  the  pulse  is  very  rapid,  small  and  weak,  there  may  be 
continued  hiccough,  and  death  from  coma  gradually  sets  iu. 

Dysentery  may  end  iu  speedy  convalescence  which  is  the  most  frequent 
occurrence  iu  cases  properly  treated  iu  the  early  stage,  in  chronic  dysentery 
associated  with  permanent  injury  to  the  bowels,  or  in  death  from  collapse,  from 
haimorrliage  from  the  bowel,  from  peritonitis  caused  occasionally  by  perforation, 
from  exnaustion,  or  the  "typhoid  state." 

Sporadic  dysentery.— This  form  occurs  everywhere  in  India, 
even  in  the  higher  hill  stations,  and  is  due  to  one  of  several  causes. 
Irritation  from  improper  or  defectively  cooked  raw  vegetables,  or 
iuperfectly  masticated  food,  especially  when  this  is  continued  for 
some  time,  the  normal  germs  of  the  bowels  taking  on  virulent 
properties,  especially  the  common  colon  bacillus,  although  probably 
other  bacilli  (unconnected  with  the  true  bacilli  of  epidemic  dysentery) 
and  micrococci,  may  also  operate  in  bringing  about  sporadic  dysentery. 

tlvmntoms.— In  sporadic  dysentery  the  symptoms  areas  a  rule  confined  to 
those  of  Uie  early  stage  of  ordinary  bacillary  dysentery.  The  patient  has  usually 
suffered  from  alimentary  disturbance  for  a  day  or  so,  mostly  in  the  form  of  diarrhoea 
S  rains  1^  the  abdomen  ;  rarely  coustipation  precedes  the  attack.  Then  the 
smols  increase  in  number,  contain  little  fffical  matter,  and  some  bloody  mucus, 
Sh?di  rdiscliarged  with  'straining.  There  are  griping  pains  in  the  abdomen  which 
urSe  a  cl  accompaiiy  the  calfs  to  stool.  The  symptoms  are  acute  while  they 
K  The  ^  is  little  constitutional  disturbance,  rarely  .^^Y /'^^f  -  ^'^f: 
eff^cts  It  seldom  produces  more  than  congestion  and  catarrh  of  pa^s  o  the 
Lrge  bowel  There  is  practically  always  a  premonitory  diarrhoea  with  loose 
feculent  motions  and  foul  tongue. 

Prevention.-Avoidance  of  the  causes  enumerated  above  is  all  that  is  necea- 
sary  to  prevent  this  form  of  dysentery. 

Epidemic  or  Bacillauy  Dysentery. 

This  occurs  throughout  the  plains  of  India  on  the  hills,  and 
even  on  some  of  the  higher  hill  stations  ;  it  is  due  to  one  of  the  several 
vlrieties  of  dysentery  bacilli.  Epidemic  dysentery  arises  from  drinking 
water  or  milk  contaminated  with  the  germs  of  the  disease  or  from  the 
aerms  gating  access  to  food  from  dust,  or  through  flies  which  have  been 
fn  c^S  with  dysentery  stools.  Alcoholic  indulgence,  especially  in 
conTunction  with  excess  of  animal  food,  greatly  predisposes  to  it ;  inned 
S  ons  insufficiently  cooked  food,  unsound  fruit,  long  continued 
Monotonous  diet,  camping  in  irrigated  land,  or  near  large  ™l^e«  f  ^^^f 
^^rtain  seasons,  and  on  old  camping  grounds,  may  be  associated  with  the 
di  ease  Wldl  t  epidemic  and  amSbic  dysentery  and  malarial  fevers 
o  dinarilv  occur  during  the  same  seasons  in  the  same  places,  they  have 

no  reSioB  to  one^nJ^  

—l^^^i^^ae  from  the  ordinary  fo-s  of  dysentery  that  variety  of  U  which 
occurs  as  a  complication  of  kala-azar    m  winch     .  ^V^^.^j  ^^e  bowels  poa^- 

nia-donoi"im)  may  be  iouud  in  the  to-ccs  anu 


ma 
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Prevalence.— One  of  the  great  enemies  of  large  armies  in  cam- 
paigns used  to  be,  and  in  the  tropics  continues  to  be,  baciUary  dyscu' 
tery.  The  records  of  all  our  Eastern  wars  show  this ;  and  those  of  com- 
paratively recent  date  — Chin-Lushai,  Malakand,  Tirah,  Mahsud,  etc., 
show  that  it  may  still  be  a  serious  cause  of  mortality  and  inefSciency. 
Dysentery  is  a  disease  which,  in  European  troops  next  to  enteric  fever, 
almost  invariably  claims  most  victims  in  war;  in  South  Africa. there 
were  31,363  cases,  with  1,248  deaths,  and  the  Japanese  in  Manchuria 
had  1,804  deaths.  In  Native  troops  and  followers  in  Indian  Frontier 
warfare  it  is  the  chief  cause  of  mortality. 

The  Americans  in  the  Philippines  continue  to  suffer  severely  from 
it,  notwithstanding  that  in  connection  with  this  particular  disease 
medical  scientists  of  America  have  done  probably  more  than  those  of 
any  other  nation  to  fathom  the  exact  cause  of  the  disease.  It  is 
possible  that  we  are  approaching  the  time  when  anti-dysenteric  sera — 
curative  and  prophylactic  — may  deprive  the  disease  of  its  terrors,  but 
for  the  present  we  can  only  act  in  the  direction  of  endeavouring  to 
prevent  it,  and  when  it  occurs,  endeavour  to  exterminate  it. 

Dysentery  gave  rise  to  4,728  admissions  in  1908  with  28  deaths 
in  the  Native  Army,  and  992  admissions  with  29  deaths  amongst 
European  troops.  In  1909  there  were  801  deaths  with  18  deaths 
amongst  European  troops  ;  in  the  Native  Army  there  were  4,181  admis^ 
sions  with  19  deaths. 

The  incidence  of  dysentery  has  gone  down  progressively  with 
that  of  enteric  fever  amongst  European  troops,  showing  that  it  possibly 
has  similar  methods  of  spread. 

The  chief  varieties  of  dysentery  bacilli  are  uot  easy  to  distinguish  by  their 
morphological  characters  from  one  another,  but  they  are  readily  differentiated 
by  the  reactions  they  produce  on  different  forms  of  sugar.  Thus  the  con^mon 
dysentery  bacillus  of  India,  Shiga-Kruse,  ferments  glucose  only,  that  of  the 
Philippines— Flexner-Strong,  ferments  maunite  and  saccharose.  Up  to  the  present 
time  at  least  eight  different  species  of  dysentery  bacilli  have  been  discovered, 
and  described,  each  of  which  is  capable  of  being  agglutinated  (see  foot-uoto,  p.  486) 
only  by  the  serum  oE  patients  suffering  from  dysentery  due  to  its  own  strain.  In 
the  case  of  some  of  these  species  typical  attacks  of  dysejitery  have  occurred  iu 
man  by  feeding  on  the  pure  cultures,  the  bacilli  being  again  recovered  from 
the  blood  and  mucus  in  the  stools.  The  dysentery  bacillus,  like  the  common  colon 
bacillus,  is  short,  with  rounded  ends  ;  it  is  non-motile  and  it  acts  upon  nutrient 
media  containing  certain  forms  of  sugar  iu  a  specific  way.  Each  variety  has 
minor  morphological  differences,  but  certain  definite  reactions  to  nutrient  media 
and  sugars.  There  are  several  bacilli  allied  to  these  (called  para  dysentery  bacilli) 
which  are  capable  of  producing  similar  symptoms,  only  milder. 

There  is  some  evidence  to  show  that  the  bacilli  of  dysentery  may 
live  in  the  healthy  alimentary  canal  for  some  time  without  causing 
any  symptoms  of  the  disease,  until  the  resistance  of  the  persoa 
harbouring  them  is  lowered  by  a  chill,  some  alimentary  disturbance 
from  defective  food,  etc.,  when  they  rapidly  multiply,  possibly  acquire 
increased  virulence,  and  attack  the  lining  membrane  of  the  large  bowel 
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vigorously.  When  the  disease  is  in  a  widespread  epidemic  form  it  is 
possible  that  these  germs  are  contained  in  the  bowels  of  a  large  number 
of  healthy  persons,  ready  to  light  up  the  disease  as  above  stated.  All 
these  healthy  persons  are  real  "  carriers  "  of  the  disease,  their  stools 
containing  the  germs. 

There  is  no  doubt  as  to  the  real  cause  of  epidemic  dysentery — 
it  is  due  to  one  or  other  species  of  the  bacillus  dysenterife.  The 
disease  has  been  experimentally  produced  in  cats  and  rabbits  by  the 
introduction  of  pure  cultures  of  these  bacilli,  both  by  subcutaneous 
injection  and  by  injection  into  the  rectum.  It  has  also  been  produced 
by  the  accidental  and  intentional  drinkiftg  of  pure  cultures  of  the 
bacilli  by  hxrman  beings. 

Bacillary  dysentery  is  in  the  vast  maiority  of  cases  a  local  disease,  that  is  one 
affecting  the  bowels ;  it'is  only  exceptionally  that  toxins  are  absorbed  from  the 
alimentary  tract  giving  rise  to  a  poisoning  of  the  system. 

We  do  not  know  how  long  the  bacillus  dysenterice  can  live  outside 
the  body,  but  it  can  live  for  some  time  in  soil  polluted  with  excreta, 
and  also  in  water  and  other  fluids. 

Flies  carry  dysentery  germs  and  may  infect  food  and  water  in  the 
same  way  they  do  in  typhoid  fever  and  infective  diarrhoea. 

The  bedding  and  clothing  of  men  suffering  from  the  disease 
become  highly  infective  and  may  communicate  the  disease  to  other  men 
using  them.  Flies  are  active  carriers  of  the  infection.  The  channels 
by  which  the  specific  germs  reach  the  bowel  are  the  same  as  in  the  case 
of  typhoid  fever. 

A  polluted  camp  site  is  one  of  the  most  prolific  sources  of  dysentery 
on  field  service,  and  it  may  lead  to  widespread  epidemic  of  the  disease. 

Increase  in  numbers  with  length  of  campaign— One's  personal 
experience  is  that  it  is  always  one  of  our  most  formidable  enemies, 
and  the  ratio  of  inefiiciency  and  mortality  arising  from  it  after  a 
certain  period  on  field  service,  rises  with  leaps  and  bounds.  This  is 
mrticularly  the  case  when  camps  are  stationary.  It  would  seem  that 
the  whole  soil  and  atmosphere  of  stationary  camps  may  become  im- 
meenated  with  the  virus  of  what  has  locg  been  known  as  camp 
dMterv  The  conditions  of  Indian  Frontier  warfare  would  appear 
to  have,  ah  viiitio,  the  tendency  to  create  a  vulnerability  in  the,  alimen- 
tarv  tract  to  invasion  of  the  various  dysenteric  micro-organisms  almost 
from  the  commencement  of  campaigns  ;  it  would  seem  that  the  whole 
Pffert  of  such  agencies  as  chills,  over-fatigue,  exhaustion,  exposure 
impure  water,  defective  food,  etc.,  is  to  lower  the  resisting  power  of 
he  mucous  membrane  of  the  intestines  to  the  action  of  the  specific 
orl^isms  giving  rise  to  this  form  of  dysentery.  One  has  been  in  a 
Sdi"  g  camp  on  field  service  in  which  in  a  period  of  three  weeks  356 
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of  2,100  men  acquired  this  form  of  dysentery,  including  three  of  the 
four  medical  otficers  looking  after  the  sick,  all  the  sweepers  and  75  per 
cent,  of  the  sick  attendants.  The  water-supply  was  from  a  stream 
I  mile  away  from  the  camp  and  appeared  to  be  of  excellent  quality. 
The  type  of  the  disease  was  very  virulent,  ^o  military  medical 
officer  of  experience  in  India  will  refute  the  infectivity  of  epidemic 
dysentery;  this  is  a  fact  established  by  the  records  of  all  our  larger 
jails  and  hospitals,  and  the  history  of  all  our  prolonged  Indian 
Frontier  campaigns.  Hence  the  necessity  of  keeping  all  cases  of 
epidemic  dysentery  isolated. 

In  cantonments  bacillary  dysentery  may  become  a  very  grave 
cause  of  inefficiency.  This  is  particularly  the  case  in  stations  where 
the  disease  exists  as  an  endemic  disease,  which  at  certain  seasons 
becomes  epidemic,  probably  from  increased  numbers  and  greater  viru- 
lence of  the  causative  bacillus. 

Continuous  residence  in  a  dysenteric  district  does  not  give  immu- 
nity— it  renders  those  inhabiting  such  places  more  liable.  Similarly, 
previous  attacks  increase  the  susceptibility  to  future  attacks,  relapses  are 
occasionally  met  with,  but  not  to  the  same  extent  as  in  amoebic  dysentery. 

Symptoms- — This  form  is  usually  acute  in  its  onset,  and  the  consti- 
tutional symptoms  sometimes  severe;  it  may.  however,  occasionally  be 
preceded  by  diarrhoea  for  a  few  days.  The  symptoms  as  a  rule  begin 
suddenly ;  there  is  fever,  the  temperature  ranging  from  100'^  to  103°  F. 
(or  higher)  which  lasts  from  three  to  seven  days  or  so.  There  are  the 
usual  dysentery  symptoms — frequent  calls  to  stool  with  discharge  of 
blood  and  mucus,  straining,  and  griping  pains  in  the  abdomen.  Some 
cases,  for  some  unknown  reason,  and  without  the  least  apparent  cause, 
go  on  to  produce  extensive  ulceration  of  the  bowel.  In  some  cases  the 
dysenteric  symptoms  are  very  intense,  becoming  more  and  more 
aggravated  for  days  and  then  the  patient  collapses  and  dies. 

Rarely  toxaemia  or  blood  poisoning  occurs,  and  causes  death. 
Eelapses  are  rare  except  when  excited  by  indiscretions  in  diet.  There 
are  no  sequelte.  When  blood  and  mucus  disappear  from  the  motions, 
the  discharge  of  blackish  or  reddish  foul-smelling  fluid  fseces  is  of  bad' 
omen.  If  the  temperature  runs  down  below  normal  and  there  are  cold 
sweats  with  sunken  features,  involuntary  evacuations,  and  cessation  of 
pain,  hiccough  and  prostration,  the  prognosis  is  very  unfavourable. 
Severe  dysentery  always  produces  ulceration  of  the  bowels. 

Anti-dysenteric  senim  of  the  proper  strain  of  bacillus,  especially  that  causing 
the  disease  in  the  patient,  is  the  most  useful.  The  use  of  this  serum  reduces 
tne  seventy  of  the  symptoms,  expedites  the  cure,  and  certainly  reduces  the 
mortahty.  It  is  possible  that  we  are  approaching  the  time  when  anti-dysenteric 
sera-curative  and  prophylactic— may  deprive  the  disease  of  its  terrors. 

Prevention.— The  prevention  is  the  same  as  for  enteric  fever  and 
cholera  with  reference  to  water,  milk  and  food  generally.    All  motions 
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are  to  be  disinfected  and  protected  from  flies.  Attention  to  the  food- 
supply  is  necessary;  it  should  be  properly  cooked  and  digestible. 
Stale,  fermenting  or  deco7nposer]  food,  unsound  tinned  provisions, 
unripe  fruit  and  raw  vegetables,  should  be  eschewed.  A  cholera  belt 
safeguards  the  abdomen  from  chills,  particularly  at  night.  Fatigue 
should  be  avoided.  Strict  attention  to  the  sanitation  of  barracks  and 
camps,  especially  as  regards  the  systematic  removal  of  excreta,  is  im- 
portant.   All  excreta  of  dysentery  patients  should  be  incinerated. 

Dangers  of  dysentery  and  enteric  fever  with  a  force — It  is  un- 
doubted that  the  existence  of  cases  of  enteric  fev?r,  dysentery,  diarrhoea, 
etc.,  in  the  vicinity  of  the  force  is  a  positive,  immediate,  and  serious 
danger.  Such  measures  of  isolation  and  disinfection  as  can  be  adopted 
cannot  be  relied  on  toi  stop  their  spread  in  the  force;  the  indication 
being  to  remove  every  such  case  to  the  base  hospitals  or  field  ambu- 
lances away  from  the  force,  with  all  possible  expedition.  The  longer 
such  cases  are  retained  in  the  immediate  neighbourhood  of  the  force,  the 
wider  becomes  the  area  infected,  and  the  larger  the  number  of  fresh  cases 
and  new  foci  whence  dissemination  may  spread.  This  early  removal 
also  gives  the  patients  themselves  the  best  chance  of  recovery.  The 
organisation  and  resources  of  field  ambulances  with  the  fighting  line  are 
not  such  as  give  to  serious  cases  of  enteric  fever  and  dysentery  the 
close  medical  attention,  nursing,  dieting,  and  care  that  they  require. 
Whilst  these  facts  are  generally  admitted,  in  actual  practice  we  find 
that,  for  one  reason  or  another,  it  becomes  impracticable  to  remove 
such  cases  to  the  base  before  they  become  a  source  of  danger  to  the 
healthy. 

Conclusions  arrived  at  regarding  dysentery.— Several  inferences 
are  forced  upon  one  in  this  relationship  :  i,  1)  Every  endeavour  should  be 
constantly  made  to  guard  against  camp  dysentery  from  the  beginning 
of  a  campaign,  as  it  soon  becomes  a  soil  disease  and  thereby  permeates 
the  air  that  is  breathed,  and  the  food  and  drink  consumed ;  (2)  it 
acquires  what,  for  practical  purposes,  might  be  considered  infectious 
qualities  ;  (3)  the  essential  causative  agents,  dysentery  bacilli,  are 
contained  in  the  dejecta  of  patients  suffering  from  it;  (4)  these 
bacilli  must  be  destroyed  and  rendered  innocuous  as  soon  as  possible 
by  disinfectants  and  subsequent  incineration;  (5)  early,  detection 
and  segregation  cases  ;  (6)  as  the  presence  of  such  cases  is  a  danger  to 
the  healthy  part  of  the  force,  all  these  cases  should  be  sent  to  hospital 
at  once  and  returned  to  the  base  at  the  earliest  possible  opportunity  ; 
there  should  be  every  attention  given  to  the  disposal  of  the  excreta, 
and  to  protection  of  the  water-supply  and  food  from  specific  infection. 

Amcebic  Dysentery. 

Amn-bic  flvsenterv  is  specially  common  in  the  whole  of  the  Deccan.  In  the 
Amoebic  ^"1^® '°  "V^r^  ( nppc-au  i  we  treated  from  400  to  500  cases  (luclud- 
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dysentery.  It  is  a  disease  of  arlults,  being  rare  in  children  and  old  people.  It 
occurs  all  over  India,  but  especially  along  the  valleys  ot  our  great  rivers  and  in  the 
deltas  and  other  low-lying  parts,  It  is  initially  caused  by  a  special  amcxsboid 
orfanism  (JSnlamaba  his/oli/lka),  the  effects  of  which  are  probably  aggravated  by 
the  normal  germs  of  the  bowels  taking  on  virulent  properties. 

Symptoms.— The  symptoms  are  at  first  acute,  then  subacute  and  chronic,  with 
great  tendency  to  relapse.  There  are  the  usual  dysentery  symptoms,  pain  in  abdo- 
men  frequent  passage  of  blood  and  mucus  with  griping  and  straining.  There  18 
seldom  any  fever.  There  is  frequently  a  preliminary  diarrhoea  for  a  few  days,  the 
usual  dysentery  symptoms,  then  the  stools  contain  mucus  and  blood,  the  latter 
being  as  a  rule  in  streaks.  The  stools  may  number  from  16  to  20  or  even  GO  in  the 
24  hours.  In  from  four  days  to  a  week  the  stools  consist  of  a  thin  red  fluid  con- 
taining blood,  mucus,  pus,  and  often  shreddy  material.  It  is  ofteu  followed  by 
inflammation  or  abscess  of  the  liver,  or  lasting  ulceration  of  the  large  bowel.  Then 
the  disease  gradually  disappears,  the  patient  convalesces  and  gets  Avell,  or  there 
may  be  relapses.  Abscess  of  the  liver  may  develop  after  some  weeks  or  even 
mouths,  especially  if  relapses  have  occurred.  If  the  symptoms  become  more 
severe,  extensive  destruction  of  the  bowel  occurs,  there  is  much  straining,  more  fre- 
quent calls  to  stool,  sloughs  are  passed,  the  stools  are  putrid,  constitutional  symptoms 
are  very  intense  the  pulse  is  frequent  and  small,  there  is  great  prostration  and  the 
"  typhoid  state  "  sets  in.  Occasionally  the  patient  rallies  from  this  condition,  even 
when  seemingly  in  extermis.  The  acute  or  subacute  form  may  pass  into  the  chronic, 
and  this  may  last  for  years,  with  rallies  and  relapses,  the  patient  becoming  greatly 
emaciated, 

AmcEbic  dysentery  is  recognised  by  its  chronic  course  and  irregularity — the 
great  tendency  to  implicate  the  liver,  the  relapses  after  periods  of  cessation,  the 
fluid  stools,  the  presence  of  the  Eniammin  histolylica  in  the  stools,  and  its  direct 
or  indirect  fatality.  In  general  terms  it  may  be  said  that  in  this  form  the  mucous 
and  submucous  coats  become  affected  with  an  inflammatory  infiltration  which 
tends  to  break  down  and  form  ulcers.  The  liver  is  large  and  congested  and  in  a 
certain  percentage  of  cases  tropical  abscess  of  the  liver  occurs.  In  chronic  cases 
there  is  a  tendency  to  localised  hardening  and  contraction  of  the  bowel.  The  essen- 
tial cause  of  the  disease  is  the  Entamosba  histolytica  (often  associated  with  other 
Bmceba3)  which  is  easily  recognised  in  the  fresh  stools  under  the  microscope  as  a 
large  amoeboid  organism  which  is  greenish  in  colour,  has  a  comparatively  small 
eccentrically  placed  nucleus  and  a  vacuolated  body. 

Preventive. — The  preventive  measm-es  are  the  same  as  for  bacillary  dysen- 
tery. 


Common  Round  Worm — Ascaris  Lumbricoides. 

These  parasites  are  very  similar  in  general  appearance  to  the  common  earth" 
worm.  The  male  is  about  4  to  6  inches  and  the  female  10  to  12  inches  long.  The 
Ascaris  Inmbrirokles  is  a  smooth  fairly  cylindrical  worm,  tapering  at  both  ends, 
transparent,  yellowisb-red  in  colour,  with  fine  circular  lines  on  its  surface.  The 
anterior  end  has  a  mouth  divided  into  three  lobes  or  papilla3,  two  below  and  one 
above.  The  tail  is  bluntly  curved  in  the  male  and  has  a  double  spicule  near  the  end. 

The  eggs  are  about  ~~  inch  in  diameter,  have  a  hard  shell  and  are  coated  with  an 

uneven,  mulberry  like  albuminous  envelope,  This  worm  occurs  in  man  and  in  a 
large  number  of  animals,  such  as  the  dog,  pig,  etc.  An  intermediate  host  is  not 
required.  The  parasite  lives  in  the  lower  part  of  the  small  intestine  and  in  the 
uppermost  part  of  the  large  bowel.  They  are  often  discharged  with  fooces  and 
sometimes  vomited. 


In  warm  moist  earth,  in  about  a  month,  the  embryo  develops  to  form  a  coiled 
■up  worm-like  structure  withiu  the  shell.  Further  development  does  not  take 
place  until  it  reaches  the  alimentary  tract,  when  the  embryo  is  hatched  out.  Man 
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h„ ^'""""g''  polluted  water,  soiled  vgetables,  fruits,  and  soiled 
StLe^lleS".  '^^'-^  "  discharge  eggs  m  about  a  mouJr?rL 


Fig.  84  — «,  natural  size  ;  h,  head,  magnified  ;  c,  ovum,  magnified. 
Ascaris  lumbricoides  ;V.  Jaksch). 

As  a  rule  it  is  only  when  the  worm  is  present  in  large  numbers  that  it  pro- 
duces any  serious  disturbance,  such  as  appendicitis,  coiigestion  of  the  bowels, 
jaundice,  liver  abscess,  etc. 

Symptoms-— I'liere  nre  uo  definite  symptoms,  but  there  may  be  capricious 
appetite,  colicky  pains,  indigestion,  peevishness  or  irritability  and  sometimes  loss 
of  flesh.  One  is  petsoually  convinced  that  a  form  of  fever  occasionally  arises  in 
Native  soldiers  from  their  "presence.  It  is  a  safe  rule  to  tri^at  an  undefined  type  of 
fever  attributable  to  no  cause  with  Santonin.  The  examination  of  the  stool  for  the 
eggs  indicates  whether  these  worms  are  present.  Round  worms  are  very  prevalent 
and  are  often  multiple.  One  has  e.vpelled  as  many  as  47  from  a  Gurkha  rifleman 
recently  and  conuted  as  many  as  63  from  one  person  in  the  course  of  a  year.  They 
have  teen  found  in  the  peritoneal  cavity,  in  the  common  bile  duct  and  they  often 
find  their  way  to  the  stomach  whence  they  are  vomited.  One  is  of  opinion  that  a 
large  nnmber'of  the  cases  of  undefined  fever  met  with  in  natives  in  .this  country 
is  attributable  to  some  form  of  toxin  produced  by  round  worms  which  is  absorbed  into 
the  system.  The  symptoms  are  very  much  like  those  of  ordinary  simple  continued 
fever'  It  the  cause  is  not  discovered  and  the  patient  treated,  irregular  outbursts 
of  this  fever  occur  periodically.  The  frequency  with  which  a  dose  of  Santonin 
(5  grains)  and  castor  oil  removes  this  fever  permanently  and  expels  round  worms 
has  led  one  to  believe  that  this  is  more  than  a  coincidence.  In  all  cases  of  undefined 
fever  which  are  known  to  be  neither  malarial  nor  typhoid,  and  the  ova  ot  round 
worm's  are  found  in  the  stools,  one  invariably  gives  santonin  and  custor  oil.  and  lu  a 
certain  proportion  of  the  cases  this  treatment  brings  the  lever  to  a  close. 

Round  worms  are  far  the  commonest  intestim.l  parasites  of  this  country. 
Every  native  of  the  poorer,  and  a  large  i.ercentage  of  the  better,  classes,  is  ^^^^^ 
Btone  period  or  another  with  these  parasites.    The  extent  of  their  p,o^alenco  is 


IN  PEACE  AND  FRONTIER  WARFARE  IN  INDIA. 


569 


well  known  to  all  physicians  of  our  large  Indian  hospitals.  One  is  confident  that 
Uiese  worms  are  responsible  for  considerably  more  mischief  and  disease  in  the 
Native  Army  than  is  generally  recognised. 

Prf^vpntion  -  The  chief  preventive  measures  are  the  use  of  wholesome  water 
for  dr'^nkimt  purposes,  thorough  cooking  of  all  food,  cleaning  of  hands  before  enting, 
and  incineration  of  all  excreta  containing  the  eggs  of  round  worms. 

Chief  Diseases  of  the  Liver  met  with  in  Troops. 

Situation  of  the  liver  -The  liver  is  the  largest  gland  in  the  body,  weighing 
from  50  to  60  ounces,  and  is  situated  on  the  right  side  and  middle  line  of  the  aMo- 
men  high  up  its  upper  surface  fitting  into  what  is  known  as  the  right  dome  of  the 
diaphragm.  It  consists  of  five  lobes,  the  right  which  is  the  largest,  left  which 
extends^'acioss  the  middle  line  for  a  few  inches,  and  three  small  lobes.  On  the  surface 
of  the  body  the  position  of  the  liver  corresponds  to  the  area  extending  from  about 
an  inch  below  the  right  nipple  line  to  the  line  of  the  margin  of  the  ribs.  Backwards 
it  extends  throughout  the  depth  of  the  chest.  The  liver  in  Europeans  in  India, 
as  in  all  tropical  countries,  is  very  liable  to  disturbance  of  function,  to  conges- 
tion, and  even  inflammation.  This  arises  from  various  causes,  amongst  which  the 
high  atmospheric  temperature  stimulates  and  then  lowers  its  functional  activities, 
more  work  is  thrown  upon  it  as  the  lungs  do  less  (pp.  18,  19) ;  there  is  impairment 
from  the  defective  diet ;  errors  in  eating  and  drinking  are  not  withstood  as  in  a 
temperate  climate  ;  and,  lastly,  malaria  and  dysentery  impair  its  functions. 

Tropical  Liver. 

Synonyms. — Indian  Liver ;  Hypersemia  or  Congestion  of  the  Liver, 

Tropical  liver  consists  of  congestion  resulting  from  the  combined 
conditions  associated  with  the  life  of  the  European  in  the  tropics.  The 
congestion  is  usually  active,  and  when  it  occurs  in  the  newly  arrived, 
it  is  usually  acute.  \n  old  residents  it  comes  on  more  gradually 
and  lasts  longer.  There  is  a  painful  enlargement  of  the  liver,  fever 
and  some  constitutional  disturbance,  with  an  absence  of  indications 
of  any  other  disease.  It  may  arise  from  indiscretions  in  eating,  excesses 
in  alcohol,  chills  or  undue  exposure  to  the  sun.  The  condition 
begins  with  a  feeling  of  malaise,  loss  of  appetite,  nausea,  unpleasant 
taste  in  the  mouth  and  headache.  '  There  is  usually  some  indiges- 
tion, a  coated  tongue  and  either  constipation  or  diarrhoea,  the  motions 
being  pale  in  colour ;  a  sense  of  weight  in  the  right  side  of 
the  abdomen  high  up,  and  the  liver  is  enlarged,  painful  and  tender  ; 
there  is  also  pain  in  the  right  shoulder  and  about  the  right  shoulder 
blade.  The  urine  is  scanty,  high-coloured,  and  has  a  red  sediment  on 
standing.  There  is  often  some  irritability  of  temper.  There  is  with 
these  conditions  slight  rise  of  temperature,  seldom  over  100'^  F.  The 
disease  lasts  usually  about  three  days.  It  frequently  reciu'S  after  longer 
or  shorter  intervals. 

Prevention. — When  the  condition  becomes  chronic  there  should 
be  a  complete  change  of  habits  that  give  rise  to  it.  The  patient  should 
be  placed  on  a  non-stimulating  spare  diet,  and  given  a  course  of 
natural  mineral  waters  or  Carlsbad  salts.  All  stimulants  and  rich  food, 
especially  beef  and  mutton,  should  be  eschewed ;  plain,  wholesome, 
easily  assimilated  food— fish,  fowl,  abundance  of  well-cooked  vegetables, 
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and  ripe  fruit.  Active  regular  exercise  is  one  of  the  great  safeguards 
against  tropical  hver.  Chills  are  to  be  avoided  and  the  clothing  worn 
should  be  suitable  to  the  weather.  Night  is  the  time  when  these 
chills  chiefly  occur.  A  cholera  belt  and  a  light  flannel  pyjama  suit 
should  be  worn  at  this  time.  All  heavy  wines-pirt  sherry 
madeira,  marsala,  etc.-and  beer  of  all  kinds,  should  be  rigidly  avoided 
It  an  alcoholic  beverage  is  considered  necessary  the  best  is  well  diluted 
Scotch  whisky,  or  some  light  claret,  taken  with  meak  in  strict  modera- 
tion. 

The  chief  cause  are  excess  in  eating  and  drinking,  rich  and 
highly  seasoned  food,  alcoholic  habits,  sedentary  life  and  lethargy 
superabundance  of  sleep,  sudden  stoppage  of  chronic  discharges,  as 
tlie  bleeding  from  internal  piles  ;  malarial  paroxysms ;  sudden  meteoro- 
logical changes,  especially  when  operating  in  conjunction  with  one  or 
more  of  the  foregoing  causes,  dysenteric  attacks,  and  sudden  stoppaae 
of  free  perspiration.  ° 

Ine'lammation  of  the  Liver  or  Hepatitis. 

Symptoms.— Sometimes  during  an  attack  of  congestion  the  patient 
suffers  from  a  shivering  lit,  severe  headache,  fever,  frequent  pulse,  pain 
over  the  liver,  especially  over  the  arch  of  the  right  ribs,  increased  by 
pressure,  coughing  or  deep  breathing,  and  lying  on  the  left  side,  much 
tenderness  over  the  liver,  pain  in  the  right  shoulder,  foul  breath',  coated 
tongue,  high-coloured  urine,  constipation  with  light  coloured  stools  or 
diarrhaja  with  bilious  stools  ;  much  depression  and  loss  of  appetite.  The 
liver  is  slightly  but  uniformly  enlarged,  there  may  be  slight  jaundice, 
nausea  or  vomiting  and  slight  fever.  It  will  be  seen  that  the  symptoms 
are  those  of  congestion  of  the  liver  in  an  aggravated  form,  the  congestion 
often  leading  to  it.  It  is  often  associated  with  dysentery.  The  first 
attacks  often  proceed  no  further,  and  after  a  purgative,  a  few  days' 
rest  in  bed  and  light  diet,  the  patient  is  all  right  again. 

Prevention. — The  means  of  prevention  are  the  same  as  those  for 
congestion  of  the  liver. 

TaopicAL  Liver  Abscess. 
Synonym. — Amoebic  Abscess  of  the  Liver. 

In  this  disease  there  are  oae  or  more  abscesses  in  the  substance  of  the  liver 
which  are  often  associated  with  a  history  of  preceding  dysentery  of  the  amosbic 
kind.  It  occur.s  all  over  India,  but  especially  in  the  Deccau,  Bombay,  Madras,  in 
the  United  Frovinces,  Lower  Bengal  and  the  Delta  of  the  Gauges.  Tropical  abscess 
of  the  liver  arises  from  an  inflammation  of  that  organ  whicli  goes  on  to  form  pus, 
the  usual  cause  being  the  access  to  the  liver  of  the  Entamoeba  histolytica  from  the 
intestines.  Tbe  predisposing  causes  are  the  occurrence  of  amoebic  dysentery,  which 
is  said  to  be  present  in  the  vast  majority  of  cases  ;  it  is  especially  met  with  in  people 
from  30  to  50  years  of  age. 

Abscess  of  the  liver  caused  100  admissions  with  34  deaths  in  1909,  115  admis- 
sions with  55  deaths  amongst  our  European  troops  in  1908,  and  165  with  70  deaths 
in  1907. 
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Cases  occur  amongst  Europeans  frequently,  and  in  these  the  connection  with 
dysentery  is  not  always  clear,  and  is  by  some  authorities  attributed  to  over-eating, 
over-drinkintr,  and  preceding  damage  to  the  structure  of  the  liver  brought  on  by 
malaria  andlibe  effects  of  residence  in  a  tropical  climate.  Nevertheless  tropical 
abscess  of  the  liver  is  in  the  vast  majority  of  cases  met  with  in  India,  associated 
with  dysentery.  It  is  a  curious  fact  thatalthough  children  get  dysentery  frequently 
the  disease  in  them  is  not  followed  by  hepatic  abscess,  whilst  95  per  cent,  of  the 
cases  occur  in  the  male  sex.  Abscess  of  the  liver  occurs  at  all  seasons  of  the  year. 
The  special  cause  of  the  disease  is  said  to  be  the  Enlamosba  histolytica  either  alone  or 
with  vegetable  microbes.  The  action  of  these  amosba  is  intensified  by  the  co-exist- 
ence of  bacilli  or  micrococci ;  it  is  the  same  organism  as  is  met  with  in  the  large 
bowel  in  amcebic  dysentery.  When  several  absces.ies  exist  there  is  usually  some 
form  of  bacteria  present  in  the  pus  with  the  amojbte.  Such  mixed  infection  may 
account  for  the  different  types  of  symptoms  met  with  in  cases  of  liver  abscess.  The 
infection  occurs  from  the  bowel  through  the  portal  system  (p.  145).  Later  in  the 
disease  the  pus  of  liver  abscess  may  be  quite  sterile. 

Symptoms.— There  are  the  symptoms  of  congestion  of  the  liver  with  lassitude, 
gradual  loss  of  appetite,  periodical  fever  in  the  afternoon  or  evening,  preceded  by 
shivering  fits.  lu  acute  cases  the  temperature  may  be  high,  associated  with 
repeated  rigors  and  followed  by  profuse  perspiration,  and  pain  and  discomfort  in 
the  right  side.  The  treatment  for  congestion  or  inflammation  does  not  relieve— the 
shivering,  fever  and  sweats  continue,  usually  daily,  and  slight  jaundice  may  occur. 
The  temperature  rises  to  100^  or  102=F.  There  is  at  this  stage  usually  general 
discomfort  or  pain  and  tenderness  in  the  region  of  the  liver,  which  radiates  to  the 
right  shoulder.  The  liver  is  enlarged,  especially  in  an  upward  direction,  but  if 
the  abscess  projects  below  the  margin  of  the  ribs,  a  fluctuating  swelling  may  gener- 
ally be  felt.  There  is  usually  either  nausea  or  actual  vomiting,  especially  during 
the  attacks  of  fever.  There  may  be  a  bulging  in  the  right  side  ;  the  skin  over  some 
part  of  the  liver  now  has  a  glistening  appearance,  and  this  part  may  "  pit  "  when 
pressed  by  the  finger.  In  some  cases  fluctuation  may  be  felt.  The  emaciation 
progresses,  a  peculiar  sallowness  appears  ;  the  patient  has  now  a  worn  and  haggard 
expression.  The  shivering  fits,  fever  and  sweat  continue  daily,  the  pain  is  less 
marked,  but  when  the  abscess  is  near  the  surface  it  may  become  aculie  again. 
The  patient  never  lies  on  the  left  side,  he  is  always  on  his  back  with  the  lower 
limbs  flexed,  and  he  prefers  the  chest  raised.  There  is  always  an  increase  in  the 
white  blood  corpuscles,  affecting  the  polymorphonuclear  cells  ;  this  may  be  consider- 
able. 

The  temperature  may  be  remittent  or  intermittent,  or  normal  or  subnormal 
all  along.  There  may  be  no  great  enlargement  of  the  liver.  The  abscess  may  tend 
towards  the  lungs,  stomach,  duodenum,  small  intestines,  colon,  pleural  cavity  (especi- 
ally the  right),  peritoneal  cavity,  into  any  of  which  it  may  burst.  The  patient's 
chances  are  better  when  the  abscess  bursts  into  the  right  lung  or  bowel  than  in  any 
other  situation,  otherwise  his  best  chance  is  secured  by  early  diagnosis  and  an  early 
operation  to  let  out  all  the  accumulated  pus.  If  left  alone  the  abscess  may  point 
through  the  abdominal  wall  near  the  pit  of  the  stomach,  or  may  burst  into  the  gene- 
ral peritoneal  cavity.  In  some  cases  it  becomes  encysted.  The  abscesses  vary  in  size 
from  containing  an  ounce  or  so  to  several  pints  of  pus.  The  abscess  is,  as  a  rule, 
single,  although  there  may  be  two  or  more,  and  it  usually  occupies  the  posterior 
part  of  the  right  lobe,  and  is  lobulated.  It  contains  peculiar  thick  reddish-brown 
or  thin  anchovy  paste-like  pus,  which  has  a  disagreeable  sweetish  smell.  When 
left  to  itself  the  abscess  most  usually  bursts  into  the  right  lung.  In  duration  liver 
abscess  varies  from  two  to  four  weeks  to  several  months.  The  writer  has  seen  a 
case  that  was  tapped  49  times  over  a  period  of  seven  months,  with  ultimate  cure 
without  opening  ;  and  another  in  which  a  European  was  sent  home  with  a  liver 
abscess  which  was  not  operated  on  at  the  time,  but  had  to  be  opened  at  once  on 
liis  return  to  India,  eight  mouths  later. 

There  may  be  an  absence  of  symptoms  until  the  abscess  bursts  into  the  lungs 
and  the  patient  coughs  up  some  of  the  anchovy  paste-like  pus.  It  may  be  easy  or 
difficult  to  diagnose.  In  India  we  always  think  of  it  as  a  possibility  in  all  cases  of 
uudeflned  fever.    Large  alisceeees  may  occur  without  any  signs  or  symptoms  of 
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the  disease.   On  one  occasion  cue  saw  an  officer  die  from  tlU 


iiilf  the  cases  the  abscess  is  solitary, 

Entmnn'ha  histolytica  occurs  in  the  pus  of  10  per  cent.  1 1  is  usually  found  only 
in  the  walls.  When  the  abscess  tends  towards  the  lung  this  amoeba  is  fouud 
in  the  phlegm  coughed  up.  They  are  seldom  found  in  the  pus  when  this  is  first 
evacuated,  but  appear  in  the  subsequent  discharge  several  days  after  opening  the 
abscess.  If  there  is  infection  of  the  liver  both  by  the  Entamoeba  histolytica  and 
various  bacilli  of  micrococci,  one  or  several  abscesses  may  form  rapidly,  and  then 
rapid  blood  poisoning  ensues,  with  an  e.irly  fatal  issue  before  the  abscess  has  hnd 
time  to  approach  the  surface  or  any  internal  organ.  In  multiple  abscesses  of  purely 
amoebic  origin,  the  symptoms  are  less  general.  The  mortality  of  the  disease  in 
India  taking  all  cases  is  between  60  and  70  per  cent. 

Prevention — Avoidance  of  excess  of  eating  and  drinking,  rich 
food,  curries,  condiments,  and  alcohol.  A  sufficient  amount  of  excercise 
should  be  taken  daily.  Cold  baths  are  to  be  avoided  and  either  tepid 
or  warm  ones  used  instead.  The  early  cure  of  all  cases  of  dysentery 
is  an  important  factor  in  the  prevention  of  tropical  abscess  of  the  liver. 

The  preventive  measures  mentioned  under  Tropical  Liver  apply 
also  to  some  extent  to  the  prevention  of  tropical  abscess  of  the  liver. 


Venereal  Diseases. 


Widespread  error  as  to  the  nature  of  venereal  disease.— No 

case  of  recent  venereal  infection  in  an  active  or  manifest  stage  should 
be  permitted  to  proceed  on  field  service.    Most  cases  of  venereal  tiiat 
occur  on  field  service  are  relapses  of  a  secondary  character.    There  are 
exceptions  to  this,  as  that  of  the  Chitral  Relief  Force,  when  it  was 
considered  that  a  large  proportion  of  the  primary  syphilitic  and  gonor- 
rhoea cases  were  acquired  at  Nowshera  and  Hoti  Mardan  en  route  to 
the  front.    The  prevention  of  fresh  oases  of  venereal  disease  on  the 
raarch  to  the  front  and  on  field  service  is  chiefly  disciplinary.  In 
'counection  with  the  subject  of  venereal  diseases  in  the  Army,  one 
would  ask  you  to  forgive  a  momentary  diversion  from  the  subject  in 
hand.    On  three  occasions  in  my  own  experience  during  the  last  few 
years  in  one  way  or  another  the  question  of  venereal  disease  in  our 
Arru}'  cropped  up  in  conversation  with  officers  of  average  intelligence, 
and  one  was  surprised  at  the  little  that  is  known  about  this  class  of 
diseases  and  the  attitude  maintained  against  the  victims.    The  general 
-notion  that  prevailed  appeared  to  be  that  once  a  man  had  the  misfor- 
tune to  acquire  venereal  disease  of  any  kind  (except  gonorrhoea)  he  is 
necessarily  hors  de  combat  ever  after,  that  he  can  never  become  an 
efficient  soldier  again,  and  that  as  a  non-commissioned  officer  he  has 
undergone  such  a  moral  degradation  in  the  eyes  of  his  comrades  that 
he  is  unht  to  command  his  section.  '      " '"  " 
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Venereal  disease  has  decreased  in  both  Native  and  European  troops 
in  recent  years,  but  the  decrease  in  Native  troops  has  not  been  nearly 
so  marked  as  in  European  troops. 


Years. 


1903 
1904 
1905 
1906 
1907 
1908 
1909 


Venereal  Diseases  admission  uate  per  1,000. 


Native  Troops. 


24-5 
20-6 
196 
16-2 
14-7 
152 
16-4 


European  Troops. 


274  0 
198-5 
153-7 
117-3 
89-9 
69-6 
67-8 


The  total  admissions  in  European  troops  in  1908  with  a  strength 
of  68,933  were  4,801,  in  Native  troops  with  a  strength  of  126,975 
were  1,934. 

The  decline  of  syphilis  and  venereal  disease  generally  is  chiefly 
due  to  widespread  temperance,  and  to  modern  methods  of  restoring 
efficiency  by  treatment. 

Varieties  of  venereal  disease.— All  forms  of  venereal  disease  are 
due  to  infection  by  specific  microbes  that  are  communicated  by  persons 
already  suffering  from  the  disease.  In  general  terms  venereal  diseases 
include  three  distinct  affections— (1)  gonorrhcea  ;  (2)  soft  chancre,  or 
ulcer  of  the  penis  ;  and  (3)  hard  chancre,  with  its  probable  sequels.' 

1.  Gonorrhoea—  Gonorrhcm  is  a  specific  local  disease,  the  main 
indication  oE  which  is  a  discharge  of  pus  from  the  penis  caused 
•by  a  distinct  microbe  (gonococcus)  invading  the  cells  of  the  mucous 
membrane  of  that  canal.  It  is  characterised  by  pain  and  burning 
■urmation  and  has  often  a  protracted  course.  If  neglected  it  may  mve 
rise  to  a  form  of  inflammation  of  one  testicle,  of  the  bladder  and 
other  complications.  When  not  neglected  it  as  a  rule  remains  a  local 
malady.  It  sometimes  gives  rise  to  a  suppurating  bubo  in  one  or  both 
-groins.-  In  the  absence  of  personal  cleanliness  while  the  attack  is  on 
U  very  acute  form  of  inflammation  of  the  eye  may  occur,  due  to  contact 
ot  the  membrane  covering  the  eye  becoming  infected  with  the  pus  from 
the  urethra,  and  this  may  end  in  destruction  of  vision  of  the  aflfected 
•eye.  la  very  exceptional  cases  the  germ  gains  access  to  the  circulation 
generalises  and  may  effect  joints,  possibly"  the  heart,  eye,  brain  or  otS 
oigaus.  in  all  one  s  experience  with  troops  one  has  only  seen  two  such 
complications  are  therefore N^ery  rare.  In  the  A^y  • 
India  the  ordinary  ca^e  ofgonorrhoea  is  curable  in  abbut  a  m^onth, 
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after  which  it  does  not  affect  the  man's  future  as  an  efficient  soldier. 
Eecurrent  gonorrhoea  may  in  from  10  to  20  years  develop  what  we 
call  an  organic  stricture,  with  its  possible  train  of  complications,  bat 
very  rarely  occurs  while  the  soldier  is  a  fighting  man.  The  use  of  the 
towel  or  handkerchiefs  of  a  person  suffering  from  the  disease  may  lead 
to  the  severe  disease  of  the  eye  ja&t  mentioned. 

The  disease  usually  comes  on  about  the  fourth  day  after  sexual 
intercourse  with  an  infected  woman,  the  signs  of  the  disease  comes  on 
rapidly  and  the  most  careful  precautions  such  as  washing  and  disinfec- 
tion, and  injecting  caustic  solution  or  permanganate  of  potassium 
solution  immediately  after  acquiring  the  infection,  often  fails  to 
prevent  it. 

2.  Soft  chancre. — Soft  chancre  is  a  purely  local  malady  in 
the  form  of  an  ulcer  on  the  penis,  caused  by  a  specific  bacillus 
infecting  the  penis,  and  in  many  cases  the  lymphatic  glands  in  the 
groin,  giving  rise  to  a  suppurating  bubo ;  there  its  effects  cease.  The 
virulence  of  the  local  infection  may,  in  exceptional  cases,  cause 
widespread  destruction  of  the  part  originally  attacked.  These  cases  also 
get  perfectly  well  and  their  misfortune  does  not  militate  against  their 
efficiency  as  soldiers.  Soft  chancre  comes  on  in  a  few  days  after  sexual 
intercourse  with  an  infected  woman  and  the  most  careful  precautions, 
including  washing  and  disinfection  immediately  after  intercourse,  often 
fails  to  prevent  it. 

3.  Hard  chancre. — The  third  variety  of  venereal  disease  is  what 
in  its  initial  stage  is  known  as  liard  chancre,  which  usually  leads  to 
the  general  constitutional  condition  known  as  secondary,  and  sometimes 
to  tertiary,  sypJdlis.  Syphilis  is  a  chronic  infectious  disease,  character- 
ised by  various  lesions  of  which  the  initial  one  is  chancre  (a  specific 
ulcer  on  the  penis).  The  disease  is  in  the  vast  majority  of  cases  acquired 
by  sexual  intercourse,  the  chancre  appearing  in  from  two  to  three  weeks. 
Soon  after  the  chancre  appears  the  glands  in  both  groins  become  enlarged 
and  hard.  Later  on  other  lymphatic  glands  enlarge,  ulcers  occur  in  the 
mouth  and  throat,  eruptions  appear  on  the  skin,  the  eye  may  become 
inflamed,  and  there  is  much  constitutional  disturbance.  This  is  the 
form  of  venereal  disease  which  is  such  a  prevalent  cause  of  inefficiency 
and  invaliding  in  the  Army.  In  it  the  essential  cause  is  an  excessively 
minute  worm-like  spiral  animal  parasite  {Spirochcete  pallida)  which 
has  recently  been  successfully  inoculated  into  anthropoid  apes,  and  it 
is  possible  that  we  are  within  a  measurable  time  of  acquiring  further 
infbrmation  on  the  subject  which  may  ultimately  be  utilised  in  the 
practical  treatment  of  these  cases.  The  poison  of  true  syphilis  is  slow 
in  attacking  the  constitution,  is  very  lasting  in  its  effects,  and  its  treat- 
ment to  be  complete  has  to  be  carried  on  for  at  least  two  years.  Whilst 
this  is  the  only  form  of  really  serious  venereal  disease,  one  would 
emphasise  that  it  is  not  necessarily  a  cause  of  either  prolonged 
inefficiency  or  exceBsive  invaliding- it  is  only  in  exceptional  cases  that 


IN  PEACE  AND  FllONTIEK  WARFARE  IN  INDIA. 


575 


the  disease  runs  on  uncontrolled  by  treatment,  in  which  case  invaliding 
becomes  inevitable.  The  experience  of  the  last  six  or  eight  years 
indicates  that  the  majority  of  these  cases  are  absolutely  amenable  to 
curative  treatment  and  the  men  rendered  thoroughly  efficient.  With 
the  experience  of  several  Gurkha  regiments  in  one's  mind,  and  the 
recorded  evidence  of  many  11.  A.  M.  C.  officers,  one  has  no  hesitation 
in  repeating  that  in  the  vast  majority  of  cases,  specific  syphilis  may 
be  cured,  and  in  some  the  disease  apparently  completely  eradicated. 

Systematic  specific  treatment  required  to  restore  eflSciency  of 
cases  of  syphilis.— One  of  the  most  comprehensve,  complete,  and  fertile 
sources  of  restoring  efficiency  in  such  cases  in  recent  times  is  the  order 
directing  tliat  they  should  be  treated  specifically,  systematically,  and 
for  at  least  one  year,  after  which  they  should  be  watched.  Certain 
definite  methods  of  treatment  are  advocated  (but  not  enjoined),  which, 
though  they  may  not  meet  with  universal  approval,  are,  under  the' 
circumstances  of  service  in  an  Army  in  India,  undoubtedly  the  best. 
One  refers  specially  to  the  intramuscular  use  of  mercury. 

When  thoroughly  and  persistently  treated  the  third  stage  of 
syphilis  may  not  develop ;  but  if  not  so  treated  the  disease  affects  the 
entire  system.  Syphilis  is  in  the  vast  majority  of  cases  acquired  by 
sexual  intercourse  with  a  woman  suffering  from  the  disease,  but  it  may 
be  acquired  by  a  healthy  man  sharing  the  pipe  of  an  infected  comrade. 

The  third  stage  usually  takes  many  years  to  develop  and  is  now 
rarely  seen  in  the  Army,  chiefly  on  account  of  the  persistent  treatment 
based  on  sound  principles  carried  out. 

One  cannot  insist  too  much  on  the  principle  of  keeping  these  cases 
under  observation  and  treatment  without  being  actually  in  hospital 
After  disappearance  of  the  primary  and  early  secondary  manifestations 
oi  the  disease  in  these  cases,  the  patient  need  not  necessarily  be  kept  in 
hospital.  His  attendance  once  a  week  is  all  that  is  required  and 
eventually  less  frequently.  In  this  the  co-operation  of  commandant 
adjutant,  and  medical  officer  is  essential.  One  knows  of  numerous 
cases  of  Gurkhas  m  various  regiments  who  have  been  throuo-h  this 
course  of  treatment  carried  out  in  its  integrity,  and  are  now  cui'ed  and 
as  fit  as  any  of  heir  comrades.  Apart  from  his  physical  sufferings  a 
man  who  has  the  misfortune  to  acquire  true  syphilis  goes  tl  Z^h 
rnuch  mental  torture  It  is  undesirable  in  the  interests  of  the  ervfce 
to  trea  these  men  as  If  they  were  criminals,  and  every  effort  should 
be  made  to  cause  them  to  understand  that  with  a  proper  course  of 
treatment  he  disease  will  be  cured,  and  their  efficiency  as  soldiers  not 
affected.    To  the  medical  officer,  of  course,  the  case  of  venereaTin  a 

o^her^^i  l"^^"'"'         '''''  ^^^^^^ti^n  and  considerate  as  any 

other  sick  person  under  his  treatment,  ^ 

Our  experience  in  regard  to  the  effects  of  mlvarsav  (%  nrpnnr.f 
ofar«emc,  a  solution  of  which  is  injected  either  ioTo  ^tL'  S  " 
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under  the  skin)  in  the  cure  of  syphilis  is  as  yet  insufficient  to  justify 
our  expressing  a  definite  opinion  as  to  its  merits,  but  so  far  as  it  goes 
seems  to  indicate  that  in  certain  cases  it  rapidly  brings  about  a  cure. 

A  certain  limited  number  of  cases  of  venereal  disease  is  acquired  in 
European  troops  by  contagion  from  latrine  seats  from  discharge  left  on 
the  seats  by  infected  men.  This  can,  of  course,  only  occur  in  the 
active  stage  of  the  disease,  and  no  man  with  venereal  in  this  stage 
should  be  at  duty.  In  the  hospital  there  should  be  special  seats  for 
venereal  cases.  It  can  to  some  extent  be  avoided  by  covering  the  seats 
with  a  disinfectant. 

Prevention. — Strict  cleanliness  after  impure  sexual  connection  may 
to  some  extent  prevent  venereal,  and  the  addition  of  a  disinfectant  to 
the  water  for  washing  may  be  useful. 

Considering  the  slowness  of  the  infection  in  true  syphilis  it  is 
possible  that  thorough  washing  of  the  external  genitals  after  sexual 
intercourse  and  strict  attention  to  cleanliness  subsequently,  has  some 
influence  in  preventing  infection,  although  these  measures  can  in  no 
sense  be  relied  on  and  often  fail.  A  solution  of  lysoform  (1  per  cent.) 
has  been  recommended  for  cleansing. 

It  has  recently  been  stated  on  authority  that  an  ointment  consist- 
ing of  one  part  of  calomel  and  two  parts  of  lanolin  has  proved  a  preventive 
if  rubbed  into  the  male  external  genital  (penis)  within  20  minutes  after 
exposure  to  infection.  This  is  stated  to  have  been  proved  by  external 
inoculation  of  syphilitic  virus  and  the  subsequent  use  of  the  ointment. 

"  In  the  Austro-Hungarian  Army,  by  an  order  published  in  May 
1907  men  are  encouraged,  but  not  compelled,  to  use  a  1  in  1,000  solution 
of  corrosive  sublimate  for  ablution,  and  a  3  per  cent,  solution  of 
albarf^in  for  urethral  injections.  In  the  neighbourhood  of  the  entrance 
to  barracks  a  room  is  provided  with  the  necessary  equipment,  solutions, 
etc  ,  and  the  men  are  instructed  in  the  advantage  of  their  use.  A 
recrister  is  kept,  and  the  men  enter  their  names,  with  the  day  and  hour 
of  using  the  preventives.  In  every  case  of  venereal  disease  a  note  is 
made  whether  the  man  has  used  the  preventives  or  not.  In  some 
garrisons  this  system  is  said  to  have  eflfected  a  decrease  of  62  per  cent, 
in  the  cases  of  venereal  disease."* 

These  are  all,  however,  only  attempts  to  evade  the  penalties  for 
immoral  conduct.  Chastity,  morality,  healthy  living,  and  a  due  com- 
crehension  of  the  terrible  nature  of  at  least  one  class  of  venereal  disease 
are  the  real  precautions.  Officers  and  non-commissioned  officers  should 
explain  to  the  men  the  nature  and  consequences  of  venereal  disease. 
The  fact  that  the  syphilitic  transmits  the  disease  to  bis  children, 
should  he  marry,  is  a  matter  for  grave  consideration,  and  if  properly 
explained  t^  soldiers  may  help  to  bring  home  to  them  the  risks  they  run 
-  *  Colonel  R.  H.  Firth,  Miliiary  Hygiene,  p.  40. 
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in  promiscuous  intercourse  with  impure  women.  The  real  method  of 
prevention  is  complete  abstention  of  sexual  intercourse  with  women 
leading  an  immoral  life.  Men  should  avoid  tlie  possibilitj'  of  acquiring 
venereal.  No  person  who  risks  contagion  is  ever  safe.  The  risk  is 
always  great,  and  the  consequences  may  completely  wreck  a  man's 
career,  make  a  permanent  crock  of  him,  apart  from  the  fact  that  he  may 
hand  down  to  posterity  a  family  of  syphilitic  children.  Continent  men 
are,  as  a  rule,  better  soldiers  than  the  strongest  men  who  cannot  control 
their  sexual  passions.  Sexual  intercourse  is  not  necessary  to  the 
health  of  the  soldier,  and  in  no  way  aids  in  the  maintenance  of  good 
health.  It  is  not  in  any  sense  essential.  The  youths,  who  form  a  large 
part  of  our  Army  in  India,  are  certainly  not  improved  by  it,  and  would 
be  healthier  and  stronger  men  without  it. 

Alcoholism  and  venereal  disease  often  go  hand  in  hand.  Alcohol 
is  responsible  for  a  vast  amount  of  disease  in  the  Army,  either  directly 
or  indirectly.  Under  its  influence  men  expose  themselves  to  causes 
of  disease  which  they  would  not  think  of  doing  in  their  more  rational 
moments. 

All  persons  suflfering  from  venereal  disease  must  report  sick  at  once. 
For  this  not  only  expedites  the  cure  of  the  disease  but  removes  a  source 
of  danger  to  their  healthy  comrades.  When  men  suffering  from 
venereal  disease  do  not  report  sick,  they  should  be  punished. 

Sand-fly  Fever.* 

The  term  "  sand-flies  "  is  somewhat  elastically  employed  and  in 
India  it  IS  popularly  used  to  include  two  distinct  families  of  flies 
VIZ.,  Simuhdce  or  true  sand-flies,  and  Psychodidw  or  owl  midges  Both 
families  are  Diptera  or  two-winged  insects,  and  as  in  all  such  the  meta- 
morphosis is  complete,  passing  through  the  stages  of-egg,  larva,  pupa 
and  fully  formed  insect  or  imago.  ^  ' 

The  true  sand-flies  are  also  called  black-flies,  buffalo-gnats,  mide-es 
2npsa  (Sik.)  and  iwho  (Hind.).  Of  these  there  is  only  one  genus-Simu 
hum-of  which  there  are  about  70  species  known.    They  are  met 
with  specially  in  the  tropics,  but  occur  in  the  Arctic  regions   and  in 
certain  temperate  and  sub-tropical  zones  are  pestilential.    The  eemi^ 
Simulium  IS  universally  distributed  in  India  and  in  some  disSs 
certain  species  occur  in  myriads.    They  are  all  small  dark-coloured 
greyish  or  black  flies,  but  sometimes  they  have  a  yellowish  base  to  th; 
abdomen.    They  are  stoutly  built  and  humpbacked  ;  the  headls  smSl 
tlTT^'"^  ''^'''''^y  ^'^^^^"'^  delicate  \.nd  in  most  specUs  iS 

eveVstrenTs' ThT  T'i  ^'"j^'"''  '^^"^"'^  "^^''^  consi"  t  of 
eleven  segments.  1  he  palpi  have  four  segments,  the  fourth  being  marked 

thaty'SSfpt^Hrott;^        and..saud..flies'>  sho..,d    have  foMoweol 
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by  rings,  the  male  palpi  are  larger  than  the  female.  The  proboscis  is 
short,  stout  and  inconspicuous,  but  decidedly  serviceable.  The  legs 
are  stout  and  compressed.  The  species  of  Simulium  are  known  by  the 
first,  second  and  third  veins  on  the  wings  being  dark  and  the  other 
veins  being  pale.  The  males  in  many  species  have  silvery  markings 
on  the  thorax  and  are  ash-coloured  ;  the  females  are  mostly  black.  All 
species  of  Simulium  are  most  restless,  and  even  when  stationary  are 
perpetually  moving  their  legs  about  as  if  they  were  feelers.  They  are 
naturally  higldy  gregarious  and  are  often  seen  in  countless  swarms 
above  damp  places,  the  drying  ground  of  rice  and  sugarcane  fields, 
and  the  damp  around  wash-houses  and  wells,  are  favourite  haunts.  The 
females  are  exceedingly  greedy  blood-suckers.  Their  bite  is  severe, 
and  produces  considerable  discomfort  in  most  people,  and  much  irrita- 
tion in  lower  animals.  The  males  do  not  bite.  The  male  flies  often 
occur  in  dancing  swarms  above  moist  ground.  The  preliminary  stages 
of  the  life  history  of  true  sand-flies  are  passed  in  water. 

The  family  Psychodidse  or   owl  midges  includes  the  extensive 
genus  of  Phlebotomus,  the  species  of  which  genus  in  India  occur  in 
considerably  greater  numbers  than  those  of  Simidmm  or  true  sand-flies. 
It  is  to  the  various  species  of  Phlebotomus  that  the  term  "  sand-flies  " 
is  popularly  applied.    The  species  of  Phlebotomus  are  small,  midge- 
like, fluffy-looking,  yellowish  brown  insects,  recognised  by  their  extre- 
mely hairy  bodies,  wings,   and  antennae,  and  their  general  moth-like 
appearance.    The  wings  are  relatively  broad  and  spread  out  or  diverge 
from  the  body,  pointing  upwards  and  backwards ;  the  body  is  slender, 
the  legs  long,  the  proboscis  elongated,  horny  and  prominent,  and  pro- 
jects vertically  beneath  the  head.    The  females  of  some  species  are 
vicious  biters  and  voracious  blood-suckers.    They  are  readily  seen  after 
feeding  on  man  or  lower  animals  as  the  abdomen  is  then  distended  with 
blood.    They  can  be  recognised  as  a  genus  by  the  naked  eye  and  with 
an  entomological  hand-lens,  most  species  can  be  diflferentiated.  The 
sexes  are  readily  distinguished  by  the  large  and  complex  clasping 
apparatus  at  the  end  of  the  last  abdominal  segment  of  the  male  the 
female  abdomen  being  without  this  structure.    They  are  weak  fliers 
and  breed  close  to  where  they  are  found.    The  males  do  not  bite.  Ihe 
genus  Phlehotomtis  occurs  widely  distributed  over  India  and  species 
may  be  taken  in  practically  every  district ;  they  have  been  found  in 
several  hill  stations,  including  Murree,  Mussoorieand  Chakrata,  at  over 
7  000  feet     There  are  six  or  seven  species  of  Phlebotovms  known  m 
India  ;  two  are  very  generally  distributed,  the  others 
scattered     The  life  history  of  the  various  species  of  Phlebotomus  is 
only  imperfectly  known,  but  the  preliminary  stages  of  most  species  so 
far  investigated  are  passed  in  water,  in  mud,  cesspool  or  other  hquid  filth. 
The  length  of  the  life-history  of  diflferent  species  varies  from  a  month 
?n  the  hot  weather  to  six  or  eight  weeks  in  the  winter  ,in  Lower 
Bengal)     The  egqs  are  usually  single  or  in  small  clusters,  on  either 
watefor  in  wet  and  dirty  places,  and  usually  hatch  in  about  six  days 
on  an  average  taken  from  several  species. 
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"  Sand-fly."  Phlebotomus  or  paiDpateci  fever  is  an  acute  specific 
fever  characterised  by  definite  symptoms  and  due  to  the  bite  of  one 
or  more  species  of  Phlebotomus  (insects  popularly  called  "  sand-flies  " 
in  India),  the  insect  having  previously  bitten  a  person  suffering  from 
the  early  stage  of  this  fever. 

So  far  only  one  species,  called  Phlebotomus  papatasii,  has  been 
incriminated  as  a  carrier  of  Phlebotomus  fever.    Regarding  the  habits, 
mode  of  life  and  breeding,  and  method  of  hibernating  (if  any)  of  this  par- 
.ticular  species,  we  know  practically  nothing.  Several  experts,  including 
professional  entomologists,  who  have  worked  at  the  subject,  confess  that 
they  have  not  been  able  to  ascertain  where  and  how  it  breeds.  During 
the  day  it  may  be  found  in  bath-rooms,  usually  on  the  walls,  in  wash- 
houses,  in  dark  corners  of  rooms  near  the  floor,  on  clothing,  under  piles 
of  damp  bricks  or  stones,  in  any  damp  and  shady  place  at  hand,  and 
in  latrines  ;  they  like  whitewashed  walls  and  avoid  those  that  are  paint- 
ed or  distempered.    They  are  often  found  behind  verandah  shutters, 
and  in  a  few  instances  they  have  been  found  in  barrack  rooms.  The 
eggs  of  P.  papatasii  have  not  been  found  in  nature,  and  on  only  a  few 
occasions  have  its  larvas  been  found  in  the  natural  state— in  cracks  in 
walls.    Adults  have  been  found  in  several  stations  in  India  on  the 
plains  and  in  two  instances  on  the  hills  at  a  height  of  over  7,000  feet. 
It  is  extremely  difficult  to  follow  out  the  life-history  of  the  P.  papatasii 
as  it  is  an  exceedingly  delicate  fly  and  soon  dies  in  cages— no  one  has 
so  far  succeeded  in  breeding  the  insect  from  its  eggs.    We  do  not  as  yet 
know  whether  this  is  the  species  that  carries  "  sand-fly  "  fever  in  India 
and  \t  is  possible  that  other  species  of  Phlebotomus,  and  even  species 
of  Simulium,  may  do  so.    In  Dalmatia  and  Herzegovina,  in  the  Adria- 
tic littoral,  in  Crete  and  Malta,  it  is  the  only  species  that  has  been 
proved  to  be  a  carrier  of  Phlebotomus  fever,  although  there  are  at  least 
t\vo  other  species  on  the  Adriatic  coast  and  several  species  in  Crete  and 
Malta,  all  of  which  have  been  investigated  with  negative  results  as 
regards  their  capacity  to  carry  the  fever  virus  from  man  to  man.  There 
are  a  large  number  of  species  of  Phlebotomus  known  (over  100),  but  so 
tar  no  systematic  account  of  the  Indian  species  has  been  published 
although  there  are  excellens  descriptions  of  a  few  Indian  species  on 
record.    I  he  general  characters  of  the  genus  Phlebotomus  are  dealt 
with  above,  and  as  stated  the  shape  and  venation  of  the  wing  is  a 
means  of  distinguishing  most  species  of  Phlebotomus.  In  P.  vavatasn 
the  wing  IS  more  pointed  than  in  other  species,  and  the  posterior  border 
oi  the  wing  is  more  arched  than  the  anterior. 

Symptoms  of  "sand-fly"  fever.-The  symptoms  of  Phlebotomus 
■  are    fair  v  wo     ri^R^«^     ta  i  •  ._  ^■'  ,1    ,       ...  "^*:'-'_^'-umus 


f  ^   ,.  .7  —    ~.«"v»         xvvcj.. —  i  ijc  &y ulutums  ui  jruieDOtomna 

fever  are  fairly  well  defined.  It  begins  suddenly  with  chi?Css 
nansea  or  actual  vomiting,  severe  frontlil  headache,^.ains  in  he  bS 
and  sleeplessness.    The  pulse,  considering  that  the  patient  has  fever 

ill?;/  V'.'  ?r-^r^^^^'  '^'^'^^  ^^^-^^'^  ^--dness  of  the  eyesTthe 
disease  i8  called  >ink  eye"  in  Crete)  which  are  heavy  buTdo  not 
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water,  the  faoe  is  flushed  and  the  temperature  varies  from  100'  to  103" 
;  Fahr.    The  tongue  is  covered  with  a  thin  white  coat  and  there  may  be 
diarrhoja.    The  slowness  of  the  pulse  is  characteristic— it  does  not 
increase  in  rapidity  with  the  rise  of  temperature  as  it  does  with  practi- 
cally all  other  fevers,  and  the  flushed  face  and  red  eyes  give  the  patient 
a  dissipated  appearance.    There  are  likewise  stiffness  and  pain  in  the 
back  and  pain  in  the  calves  of  the  legs  which  aie  peculiar  to  this  fever. 
In  about  30  per  cent   of  the  cases  the  fever  lasts  three  days,  but  in  a 
small  proportion  of  cases  it  may  go  on  for  seven  or  eight  days.  Second 
attacks  sometimes  occur  even  in  the  same  season.    The  period  of  incu- 
bation, that  is,  the  length  of  time  which  elapses  from  the  time  of  being 
bitten  by  an  infected  Phlebotomus  and  the  commencement  of  the 
■symptoms,  varies  from  about  3g  to  7  days.    It  is  never  fatal  and  it 
leaves  no  sting  or  after  effects,  but  in  some  cases  the  patient  is  left  in 
a  wretchedly  weakened  condition  and  convalescence  may  be  slow.  No 
known  remedy  cuts  short  the  fever  ;  aspirin  or  salicylate  of  soda  are 
most  frequently  given  to  lessen  the  pains  in  the  back  and  legs  and  to 
keep  down  the  temperature.    So  far  no  parasites  or  micro-organisms  of 
any  kind  have  been  discovered  in  man,  although  they  probably  exist  in 
the  blood  in  an  ultra-microscopical  form  and  will  some  day  be  dis- 
covered, which  is  also  the  case  in  dengue,  typhus  fever,  small-pox, 
-seven-day  fever,  and  yellow  fever.  Nor  has  any  specific  micro-organism 
"  been  so   far  found  in  the  infected  F.  papatasii.    A  healthy  man 
bitten  by  an  infected  Phlebotomus  gets  the  fever  on  or  about  the 
seventh  day  after  the  bite  and  his  blood  remains  infective  for  only 
two  days  after  the  fever  begins.    When  the  blood  of  an  infected  per- 
son taken  during  the  first  or  second  day  of  the  fever  is  injected  into 
a  healthy  person,  the  period  of  incubation  is  usually  shorter  than 
after  the  natural  mode  of  infection. 

The  disease  is  prevalent  in  certain  districts  Oi'  the  Punjab,  especi- 
ally Peshawar  and  Nowshera ;  it  occurs  almost  epidemically  in  some 
parfs  of  Central  India,  and  is  met  with  in  Manipur,  Assam,  and  pro- 
bably also  in  Dehra  Dun.  A  severe  and  widespread  form  of  the  disease 
occurs  in  Chitral.  I  have  recently  been  told  that  in  a  station  on  the 
North-Westeru  Frontier  "  75  out  of  4U0  odd  men  of  one  British  regi- 
ment suffered  from  it  this  summer,  and  in  a  letter  on  the  subject  just 
received  it  is  stated  that  "  it  has  caused  more  sickness  than  anything 
else  in  this  (First)  Division."  It  is  highly  probable  that  Phlebotomus 
fever  is  much  more  widespread  in  India  than  has  hitherto  been  supposed. 
Reports  of  outbreaks  of  it  are  being  constantly  published,  but  they  are 
all  silent  on  the  subjects  regarding  which  some  practically  useful 
information  is  urgently  required— the  breeding  places  of  the  infecting 
species  of  Phlebotomus,  and  the  best  measures  for  attempting  to  exter- 
ininate  them.  It  is  very  probable  that  in  the  endemic  centres  of  the 
disease  some  of  the  cases  recorded  as  influenza,  seven-day  fever, 
feyer  .,o£...unlk)p^o>yn  .Qf^giij,  a|id  ,uafw  other  .headings,.  are..i»6.tanoe8  oC 
't'hlebotomuB' fe'vet. 
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Prevention  of  bites. — The   best  applications   to  ward    oflp  the 
attacks  of   both  yimulium  and  Fhlehotomus  flies  are :  Eucalyptus 
or  deodar  oil,  lanolin,  oil  of  lemon  grass,  and  kerosine  oil.  The 
parts  of  the  body  attacked  are  chiefly  the  ankles,  face,  neck  and 
,  hands — they  have  a  special  penchant  for  the  ankles,  probably  because 
.'  more  exposed  and  vulnerable.    We  can  usually  see  them  when  attack- 
;  ing  the  face  and  hands.    The  proboscis  can  readily  penetrate  thin 
socks;  they  cannot  get  through  a  double  pair  of  thin  socks  or  a  single 
pair  of  tliick  ones.    The  ankles  are  safe  wlien  boots  and  not  shoes  are 
worn. 

The  adult  flies  inside  houses  and  barracks  may  be  killed  by  one  of 
several  furaigant  insecticides.  One  of  the  best  consists  of  the  fumes 
given  oflf  by  igniting  equal  parts  of  saponified  cresol  and  camphor 
(lour  ounces  of  each  to  every  ],0U0  cubic  feet  of  air  space),  closing  all 
doors  and  windows,  etc.,  as  in  ordinary  disinfecting  fumigation,  while 
this  is  being  done.  These  fumes  leave  no  unpleasantness  in  the  room 
and  kill  all  insects  harboured.  Formaldehyde  gas  and  sulphur  dioxide 
are  also  efficacious  as  fumigant.'^.  It  is  said  that  the  smoke  caused  by 
placing  live  coals  on  cow-dung  prevents  the  approach  of  sand-flies  in 
camps.  Vacation  of  houses  and  barracks  infested  with  infected  Phle- 
botomus  is  a  method  that  has  been  successfully  tried  in  Chitral  but  is 
ot  course,  a  measure  of  limited  applicability.  A  sand-fly  net  around 
the  bed  is  advisable;  the  fabric  of  the  net  should  be  such  as  to  have  a 
fine  mesh,  not  less  than  24  strands  to  the  inch.  It  is,  of  course,  close 
inside  such  a  net  within  doors  at  night  in  the  hot  weather,  but  would 
be  to  erable  outside.  All  the  foregoing  remarks  apply  to  all  species 
ca  led  "  sand-flies."  As  patients  suflFering  from  Phlebotomus  fever  are 
infective  ior  a  period  of  48  hours,  they  should  certainly  be  isolated 
or  the  farst  two  days,  and  from  dusk  until  morning  of  these  two  days 
kept  under  a  close-meshed  net.  The  disease  can  only  arise  from  Phle- 
botomus flies  biting  an  infected  person  during  the  first  two  days 

I  ersons  """^  '^^^"^^  "^^^^  l^ealthy 

Prevention  of  breeding.-In  view  of  what  is  known  regarding  the 
breeding  of  severa  species  of  Simulium  and  Phlebotomus,%spec1al  v 
as:  to  their  larval  life,  the  indications  to  effect  a  reductior^n 
number  at. present  are-to  prevent  the  formation  of  ^udd?^  and  da^^^ 
places  around  houses  and  barracks;  to  convey  all  refuse  w«L  f^ 
houses,  barracks,  wash-houses,  swimming  batl.  1  i tcte^  w^^^^^^^ 
Sc^Ss^lu^CliJ^  absorption  pits,  and  tot^^ 

Itch  or  Scabies. 
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by  a  multiform  eruption  of  papules,  -resides  and  pustulesj  of  peculiar  distribuiion 
attended  by  intense  itching.  The  character  of  the  eruption  is  often  much  modif.ed 
by  scratching.  The  parasite  is  abcut  100th  of  an  inch  Jong,  with  four  paiis  of 
legs.  It  is  the  female  that  oniiges  the  local  irritation.  She  is  twice  the 
size  of  the  male.  The  female  lives  in  burrows  of  the  skin,  the  male  wanders 
over  the  surface.  The  male  is  only  very  rarely  found  on  the  skin,  and 
apparently  tnkes  no  part  in  the  production  of  the  symptoms.  Each  burrow 
forms  a  small  whitish  or  white  and  black  line,  and  contains  one  female  who 
lives  there  for  a  few  mouths,  laying  eggs  as  she  advances.  The  young  ones 
hatch   out  in  less  than  a  week.    The  female  in  burrowing  causes  considerable 


Fig.  85.— Human  itch-mite  (after  Leuckart). 

itching  and  the  consequent  scratching  brings  about  inflammation.  The  thin  skin 
of  the  different  regions  of  the  body  is  chiefly  attacked  first,  such  as  the  webs  of 
the  fingers,  the  wrist,  toes  and  feet,  abdomen,  external  genitals,  armpits,  inside 
of  the  thighs,  and  finally  it  may  extend  to  all  parts  of  the  body  except  the  head 
and  the  face. 

The  amount  of  irritation  of  the  skin  caused  varies  in  different  people ;  in 
those  with  very  delicate  skins  the  type  of  the  eruption  is  usually  much  more 
inflammatory.  '  In  predisposed  persons  signs  of  eczema  may  arise  and  then  in 
addition  to  "the  usual  and  characteristic  lesions  of  scabies,  those  of  eczema  are 
added.  In  cases  lasting  any  length  of  time,  the  burrows  and  other  cons'^quent 
lesions  may  be  hidden  by  the  inflammation  of  the  eczema  and  so  tlie  real  nature 
of  the  disease  obscured.  Burrows  (ciiniculi)  are  tortuous,  straight,  zigzag,  dotted, 
slightly  elevated  dark-gray  or  blackish  lines  varying  from  J  to  |  an  inch  in  length. 
They  are  formed  by  the  impregnated  female  which  penetrates  the  cuticle  obliquely 
into  the  deeper  layers  of  the  scarf  skin  (]).  352),  depositing  aa  it  goes  along  8  to  15 
eggs,  forming  a  minute  burrow  or  passage.  The  burrows  are  not  numerous  as  the 
irritation  caused  by  the  ])enetiatiou  of  the  parasites  leads  to  violent  scratching 
and  their  destruction,  or  gives  rise  to  the  formation  of  vesicles  and  pustules, 
and  consequently  their  formation  is  prevented. 

The  special  diagnostic  features  of  scabies  are  -its  peculiar  distribution,  multiple 
character  of  the  eruption,  progressive  development  and  usually  a  history  of 
coutaoion.  Eczema  is  usually  limited  in  extent  cr  irieguiarly  distributed, 
distinctly  patchy,  with  often  the  formation  of  large  diffused  areas  ;  it  is  variable 
in  its  clinical  behaviour,  better  and  worse  from  time  to  time,  and  differs,  moreover, 
in  the  absence  of  burrows  and  of  a  history  of  contagion. 

Itch  is  readily  cured,  and  as  soon  as  the  parasites  and  their  eggs  are  destroyed, 
the  itching  and  the  eecoudary  symptoms,  as  a  rule,  rapidly  disappear.  The  course 
of  the  untreated  disease  is  chronic  and  progressive,  showing  no  tendency  to  spoa- 
^RpBDits  disappearBUce. 
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Tlie  treatment  is  entirely  external  and  consists  of  a  preliminary  soap  and  hot 
Water  bath,  an  application  twice  daily,  for  three  days,  of  any  remedy  that  is  des- 
tructive to  the  itch-mites  and  their  eggs;  and  finally  another  bath.  The  usual 
application  employed  is  sulphur  ointment  or  suljjhur  and  lime  lotion.  The  latter 
is  cleaner  and  cheaper. 

The  disease  is  contagious  to  a  marked  degree.  It  is  very  widespread  in  this 
country,  and  is,  for  apparent  reasons,  chiefly  met  witli  in  men  of  unclean  habits, 
and  is  contracted  by  the  intimate  association  of  those  suffering  from  the  disease 
■with  the  healthy.  It  is,  however,  occasionally  met  with  among  those  who  are 
quite  clean  in  their  habits. 

In  the  aggregate  there  are  a  large  number  of  admissions  for  itch  iu  the  Army  in 
India,  practically  every  Native  regiment  has  some  cases  every  year.  It  is  some- 
times epidemic,  especially  amongst  newly-joined  Native  recruits  and  young  soldiers  ; 
it  is  common  amongst  the  children  in  Native  married  lines. 

Prevention.— Itch  may  be  prevented  by  cleanliness  of  the  body,  by  means  of  a 
daily  bath  with  soap,  use  of  clean  clothes,  and  avoidance  of  contact  with  persona 
suffering  from  the  disease.  The  bedding  and  kit  of  all  men  with  the  disease  should 
be  sent  to  the  hospital  to  be  disinfected. 

Phickly  Heat. 

This  is  an  inflammation  of  the  sweat  glands  of  the  skin,  possibly  associated 
with  excessive  secretion  of  the  sebaceous  glands  (p.  353),  usually  occurring  in 
Europeans  during  the  hot  weather  and  rainy  season,  and  is  due  to  blocking  ud 
of  the  sweat  follicles.  After  much  scratching  there  is  a  general  crop  of  small  red 
pointed  papules  which  are  very  close  together,  or  actually  run  into  one  another 
forming  large  red  patches  all  over  the  body ,  especially  in  the  abdomen,  back  chest 
and  arms.  It  is  very  annoying  from  the  tingling  and  uncontrollable  desire  to 
scratch  the  parts  affected.  The  scratching  often  leads  to  other  affections  of  the 
8km,  such  as  boils,  eczema,  etc.  The  predisposing  causes  are-exercise  (which 
flanne^l  s^^^f^e  warm   and  excites  perspiration),  hot  drinks  and  wearing 

Treatment.— A  good  application  is— 

Thymol  ,  ,  , 

To  be  applied.  "  "'  ° 

^'olent  exercise,  ice  drinks,  hot  ba'hs  and  the 


"Dhobie  Itch." 


stagnant  waters  co^tainTng  t^^erms  of  thetseas;.'"'  ^''^'^""S  iu 
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"  Dhobie  itch  "  is  considered  to  be  often  acquired  through  the  infection  of 
clothing  during  washing.  Many  cases  of  eczema,  and  other  sUin  diseases,  including 
more  than  one  form  of  ringworm,  are  in  India  called  by  this  name.  Dhobies  often 
wash  clothes  in  the  dirty  water  of  tanks  or  ponds  which  contain  the  germs  of  skin 
diseases,  etc.,  or  they  dry  the  clothes  on  the  ground  (which  also  contains  disease- 
germs),  instead  of  suspending  them  from  clothes  lines  to  dry. 


Symptoms  — It  begins  as  a  circular  or  oval  slightly  raised  red  scaly  patch 
which  spreads  at  the  margins,  and,  as  a  rule,  from  local  infection  several  such 
patches  are  spreading  and  coalescing  simultaneously,  until  an  area  of  from  half  to 
one  square  foot  of  surface  may  be  involved.  It  is  very  itchy,  especially  when  the 
body  is  hot. and  sweating,  or  after  getting  into  bed  at  night.  The  constant  scratching 
often  sets  up  eczema  or  other  secondary  infective  diseases  of  the  skin. 


Prevention. —Body  cleanliness,  frequent  bathing  in  water  known  to  be  clean, 
frequent  change  of  under-clotlies  and  the  use  of  a  non-irritating  soap  in  the  regions 
chiefly  affected  by  this  disease.  The  manner  in  which  dhobies  carry  out  tlie  washing 
•of  clothes  in  cantonments  requires  much  supervision.  The  best  general  remedy  is 
the  liniment  of  iodine  applied  with  a  camel  hair  brusb,  a  few  applications  the  first 
day  and  one  daily  for  two  days  subsequently.  Then  wait  a  few  days  to  see  if  any 
uucured  spots  remain.  Another  excellent  remedy  is  chrysophanic  acid  (the  active 
principle  of  Goa  powder)  made  up  as  follows  : — Chroysophanic  acid  30  grains,  oil 
of  cloves  10  drops,  and  vaseline  1  ounce.  Chrysarobin  may  be  used  in  place  of  the 
chrysophanic  acid.  The  great  disadvantages  of  these  latter  applications  are  that 
they  often  set  up  a  considerable  amount  of  inflammation,  and  stain  clothes. 


Body  Ringworm. 

Ringworm  is  a  contagious,  vegetable  parasitic  disease,  due  to  the  invasion  of 
the  cutaneous  structures  by  a  species  of  fungus.  The  clinical  characters  of  ringr 
worm  vary  according  to  the  part  affected.  Ringworm  of  the  general  surface  appears 
as  one  or  more  small  slightly  elevated,  sharply  limited,  somewhat  scaly  reddish 
spots,  with  sometimes  minute  papules,  vesico-papules,  or  vesicles,  especially 
at  the  circumference.  The  patch  spreads  in  a  uniform  manner  at  the  margins,  is 
slightly  scaly,  and  tends  to  clear  in  the  centre,  assuming  a  ring -like  appearance. 
When  coming  under  observation,  the  patches  are  usually  from  one  half  to  one  inch 
in  diameter  ;  in  the  European  the  central  portion  is  pale  or  pale  red,  and  the  outer 
part  more  or  less  elevated  and  somewhat  congested .  and  scaly.  One  or  several 
patches  are  present.  After  reaching  a  certain  size  they  may  remain  stationary, 
or  in  exceptional  cases,  may  tend  to  spoutaneous  disappearance.  At  times  when 
close  together,  several  may  merge  and  form  a  large,  irregular,  gyrate  patch. 
Itchinc^  usually  slight,  may  or  mav  not  be  present.  The  inner  portion  of  the 
upper  part  of  the  thighs  and  scrotum  may  be  attacked,  and  here  the  affection, 
favoured  by  heat  and  moisture,  develops  rapidly  and  may  soon  lose  its  ordinary 
appearances,  the  inflammatory  symptoms  becoming  especially  prominent.  Ihe 
whole  of  this  region  may  become  involved  (we  then  have  the  same  condition 
as  "  dhobie  itch  ")  presenting  all  the  symptoms  of  eczema  ;  the  border,  however, 
is  sharply  defined,  and  usually  one  or  more  outlying  patches  of  the  ordinary  type 
ofthe  disease  may  be  seen.  Everything  the  diseased  area  touches  is  contaRious— 
clothes,  bedding",  floor  mats,  etc.,  unless  these  are  thoroughly  disinfected  and 
exposed  to  the  sun. 

Prevention.— The  preventive  measures  are  practically  the  same  as 
for  itch. 


Abscess. 


Abscesses  are  collections  of  "  matter  "  or  pus  in  some  tissue  or 
organ  of  the  body,  and  may  be  acute  or  chronic.    We  shall  here  reter 
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only  to  those  that  are  of  rapid  formation.    An  acute  abscess  is  a  cir- 
cumscribed abnormal  cavity  containing  pus,  which  pus  is  confined  by 
a  wall  of  diseased  tissue.    An  abscess  may  be  superficial  or  deep,  and 
mfiy  be  any  size.   A  superficial  abscess  lies  in  the  skin  and  subcutaneous 
cellular  tissue.    A  deep  abscess  forms  near  the  muscles.    An  abscess 
may   burst  spontaneously,  or  may  have  to  be  opened  by  a  lancet. 
Abscesses  and  boils  are  caused  by  micrococci  usually  of  the  kind  called 
staphi/looncci  (p.  407),  but  severe  acute  abscesses  may  arise  from  local 
infection  by  streptococci  (p.  407).    These  usually  gain  access  to  the 
skin  through  some  small,  often  invisible,  abrasion,  cut  or  scratch,  grow 
and  multiply  in  the  tissue  below  the  skin,  and  give  rise  to  the  forma- 
tion of  yellow  pus.  Superficial  abscesses  are  amongst  the  most  frequent 
forms  of  minor  complaints  met  with  in  regimental  hospitals. 

Signs  and  symptoms.— Abscesses  are  always  preceded  by  inflam- 
ra.ition  ;  there  is  pain,  heat,  redness  and  swelling  in  the  affected  part. 
The  pain  is  usually  of  a  throbbing  character  ;  the  swelling  is  hard, 
"  pits"  on  pressure,  and  when  pus  is  formed  a  soft  part  may  be  felt 
in  the  middle  of  the  hardness.  If  there  is  much  pus,  fluctuation  may 
be  felt  by  pres.sing  on  one  part  of  the  abscess  with  one  forefinger,  while 
the  other  forefinger  is  kept  steady  on  another  part,  the  pressure  causing 
the  pus  to  bulge  against  the  stationary  finger. 

Prevention.— Abscesses  are  prevented  by  cleanliness  of  body  and 
clothes,  avoidance  of  scratches,  abrasions  and  local  injuries,  and  early 
attention  to  such  injuries  when  they  do  occur. 


Boils  or  Furunculi. 


A  boil  is  a  localised  inflammation  beginning  in  a  hair  follicle 
and  resulting  in  the  production  of  a  small  slough.  It  is  usually  caused 
by  staphylococci.  A  small,  hard,  red  pimple  begins  around  a  hair 
follicle,  increases  in  size  and  is  painful  and  tender.  At  the  centre  a 
whitish  spot  appears,  and  soon  the  boil  bursts  and  discharges  pus  and  a 
small  slough,  which  relieves  the  pain.  The  nearest  chain  of  lymphatic 
glands  are  often  enlarged  and  painful,  but  do  not  form  pus. 

Prevention.  — Cleanliness  of  body  and  clothes,  avoidance  of  all 
causes  giving  rise  to  skin  eruptions  and  irritation  of  the  skin  which 
lead  to  scratcliing  (see  IMcUy  Heat,    Lhohie  Itch,"  Ringworm 
Ahscess)  and  abstemiousness  in  animal  food,  especially  durino-  the  hot 
weather,  are  the  chief  preventive  measures.  " 


Injuries  Producing  Internal  Derakgements  of  Joints. 

.    This  class  of  injury  includes  displacement  of  cartilages  within  ioints  inrl.. 
sion  ot  fringes  of  the  covering  of  the'  joint  between  joint  surfaces  .and  tlTlocki 
of  joints  .1  ue  to  loose  bodies.    The  history  in  all  these  cases  is  much  the  same     Th«  ^ 
IS  suddeu  acute  pniu  accompanied  by  inability  to  move  the  joint,  which  in  the  lower 
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extremity  iisually  results  in  tlirowing  the  pationt  to  tlie  ground.  This  is  followed 
by  effusion  oMluid  into  the  joint.  If  seen  immediately,  it  will  be  found  that  the 
movements  are  limited,  any  attempt  to  bring  about  the  full  range  of  movement 
being  accompanied  by  great  pain.  These  accidents  are  far  more  common  in  the  knee 
than  in  any  other  joint. 

The  first  thing  to  do  is  to  disengage  the  displaced  cartilage,  or  other  body 
from  between  the  articular  cartilages.  In  the  cast;  of  the  Iniee  this  is  done  by 
slowly  and  steadily  Hexing  the  joint  as  far  as  possible,  and  then  suddenly 
extending  it.  i'atients  in  whom  this  accident  ofteti  happens  can  usually  rectify 
matters  for  themsel^'es  by  bonding  the  leg  upon  the  thigh  and  then  suddenly  kick- 
ing. After  the  repliicement  the  joint  should  be  kept  at  rest  upon  a  pillow  for  two 
or  three  days,  according  to  the  severity  of  the  synovitis  which  results.  After  that 
time,  massage  should  be  employed.  'The  loose  body  or  displaced  cartilage  will 
probably  require  removal  later. 

One  has  introduced  a  mention  of  the  above  condition  here  because  of  the  fact 
that  since  football  and  hockey  have  become  established  games  in  the  service,  one 
has  met  a  not  inconsiderable  number  of  cases  among  our  troops,  whilst  there  are 
few  ret^iments  in  which  one  or  more  European  officers  do  not  suffer,  or  have  not 
suffered  from  some  form  of  internal  derangement  of  joints  due  to  the  causes 
enumerated. 

There  is  no  known  way  of  preventing  these  accidents  in  those  who  play  the 
games  mentioned. 

Sprains  or  Strains  of  joints.— A  sprain  is  the  straining,  tearing,  or  consider- 
able stretching  of  the  ligaments,  capsule,  and  sometimes  also  of  the  tendons  around 
a  joint  by  some  sudden  twist  or  wrench.  There  is,  as  a  rule,  some  laceration 
of  the  suialler  blood-vessels,  and  sometimes  also  of  the  synovial  membrane  itself. 
In  sprains  of  the  wrist  or  ankle  there  may  be  displacement  of  one  or  more  of  the 
tendons  around  the  joint.  The  accident  is  often  followed  by  an  effusion  of  fluid 
into  the  joint  and  tendon  sheaths,  and  bleeding  into  the  subcutaneous  tissues. 
Thev  are  usu;vlly  caused  by  falls,  twists,  or  wrenches  of  the  joints,  or  blows, 
or  some  sudden  unnatural  movement  of  the  part.  The  diagnosis  of  a  sprain  rests 
uDou  the  absence  of  either  a  dislocation  or  a  fracture,  and  the  history  of  the 
iniurv  Sprains  are  often  more  painful,  severe,  and  serious  accidents  than  either 
dislocations  or  fractures.  The  more  serious  forms  of  this  injury,  if  not  properly 
treated  in  the  early  stage,  may  cripple  the  joint  affected  permanently, 

Siens— Pain  and  swelling  at  the  seat  of  injury,  followed  by  increased  heat, 
and  subsequently'by  discoloration  of  the  skin  which  becomes  "  black  and  blue." 

Treatment  —Put  the  joint  at  complete  rest  on  a  pillow.  If  the  sprain  is  in  a 
ioint  of  the  upper  extremity  apply  a  padded  splint  to  the  inside  of  the  limb  and 
then  place  the  forearm  on  a  large  arm-sling  ;  if  in  a  joint  of  the  ower  extremity 
TiKce  the  patient  in  bed,  apply  a  padded  back  splint  to  the  limh  and  keep  it 
?Hahtlv  elevated.  After  the  limb  has  been  put  to  rest  apply  bandages  dipped  in 
rold  water  or  an  ice  bag  to  the  injured  joint ;  if  the  pain  is  severe  and  cold  apph- 
cuiu  vvluc  o  ,  — j^^j,  borne 

is  continuous 
fomentation  changed 

every  two  hours. 

When  the  swelling  is  decreasing  some  stimulating  liniment  (the  best  being 
ODodeldoc  or  soap  liniment)  should  be  rubbed  over  the  joint,  and  from  this  time 
onwii  ds  the  joint  should  be  carefully  exercised  Avoid  prolonged  rest  of  the  part, 
?nMbis  is  frequently  followed  by  permanent  stillness  of  the  joint.  Massage  of  the 
ioint  rnd  the  muscles  around  it  should  be  begun  in  two  or  three  days-daily  massage 
■or  ten  minutes  at  first,  but  gradually  increased  up  to  halt  an  hour  -  together  with 
i^ovements  of  joint,  both  active  and  passive  are  required.  This  will  expedite 
SJlion  of  any  effusion  present,  prevent  pain  and  stiffness,  and  maintain  the 
nutrition  of  the  muscles.  ,  .  -    -         ^  ■  . 

^trains  or  sprains  form  one  of  the  commonest  forms  of  local  injuries  sustained 
by  sSs  in  the  Army  in  India  and  little  can  be  done  to  prevent  them. 
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Frost-bite. 

Force  to  be  prepared  for  frost-bite.— The  possible  factor  of  frost- 
bite should  not  be  omitted  in  our  preparations  for  a  war  on  our  Indian 
frontiers,  where  the  temperature  may  run  to  many  degrees  below 
zero  for  months  at  a  stretch.  In  the  China-Japan  War  of  1894-95, 
frost-bite  alone  accounted  for  4  2  per  cent,  of  sickness,  but  during  the 
late  war,  only  0'35  per  cent.,  and  this  under  much  more  severe  condi- 
tions ;  the  Japanese  with  their  former  experience  were  fully  prepared 
for  the  ravages  of  a  Manchurian  winter  in  1904-05. 

Dry  and  still  air  at  very  low  temperatures  may  be  borne  without 
injury,  whereas  the  effects  of  air  in  motion  at  low  temperature  is 
very  penetrating,  and  the  same  is  the  case  with  very  cold  damp  air. 
The  duration  of  exposure,  the  extent  of  body-surface  exposed,  the 
state  of  general  health  and  condition  of  physiological  resistance,  in 
other  words,  the  degree  of  fitness,  determine  the  extent  to  which 
a  man  is  affected  b}'  cold. 

Nature  and  degrees  of  frost-bite. — Frost-bite  varies  extremely  in 
its  severity  from  a  temporary  local  bloodlessness  to  complete  gangrene 
of  the  part  affected,  and  is  the  result  of  exposure  of  a  part  to  great 
cold.  The  parts  most  liable  to  frost-bite  are  the  toes,  feet,  fingers, 
hands,  nose  and  ears,  all  because  of  their  position,  which  involves 
special  exposure,  and  a  blood-snpply  readily  affected  by  external 
influences.  On  field  service  frost-bite  is  specially  liable  to  affect 
those  in  a  weakly  state  from  previous  ill-health,  or  those  who  are  run 
down  from  the  general  hardships  of  a  winter  campaign. 

The  general  effects  vary  with  the  intensity  of  the  cold,  degree  of 
protection  of  the  part,  the  general  state  of  the  man's  health  and  other 
conditions.  Tissues  may  be  frozen  to  insensibility  and  yet  recover 
perfectly,  but  if  kept  frozen,  death  of  the  affected  part  follows.  If  the 
part  be  frozen  until  it  is  absolutely  dead,  subsequent  thawing  will 
not  be  followed  by  the  re-entry  of  blood,  and  the  part  will  gradually 
undergo  the  changes  characteristic  of  gangrene.  If  actual  death  of  the 
part  has  not  occurred,  the  blood  re-enters,  and  an  inflammation,  at 
first  quite  aseptic,  ensues,  a  free  exudation  of  serum  rapidly  takes 
place,  the  part  swells  and  shows  all  the  signs  of  impaired  circulation, 
vesicles  with  red  or  purple  contents  rise,  and  finally,  if  the  part  be 
seriously  damaged,  circulation  completely  ceases  and  moist  gangrene 
is  established— either  limited  and  superficial,  or  involving  a  considerable 
part  of  a  limb.  In  these  cases  the  inflammation  usually  becomes  septic 
on  account  of  the  growth  of  microbes  from  the  skin  into  the  damaged 
structures,  and  much  tissue  is  often  thus  destroyed. 

Signs  of  frost-bite. — The  first  sign  is  redness  of  the  part  associated 
with  some  pain;  this  is,  as  a  rule,  rapidly  followed  by  purplish  discoloura- 
tion and  lessened  sensibility.  Next  congelation  arises,  the  part 
becomes  white,  hard  and  quite  insensitive.    Then  the  freezing  extends 
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deeper  until  the  parts  are  frozen  to  death.  Sigris  of  returning  circula- 
tion however  slow,  are  the  first  signs  of  recovery.  Swelling  tnd  often 
blistering  follow.  Persistent  pallor  or  a  red  or  purple  colour,  which 
IS  not  removed  by  pressure,  is  a  sign  of  ill-omen. 

_  Treatment  of  frost-bite.— These  cases  have  to  be  treated  with  much 
judgment  and  patience,  as  safe  progress  is  always  slow.  The  tempera- 
ture of  the  part  has  to  be  Very  slowly  raised,  the  limb  elevated  and 
gently  rubbed  with  snow,  or  bathed  with  cold  water.  Next  friction 
with  an  oiled  hand  is  adopted,  and  finally  the  part  is  wrapped  in 
cotton-wool,  the  rubbing  being  continued. 

Prevention  of  frost- bite.— When  proper  precautions  are  adopted, 
intense  cold  is  better  borne  by  our  British  troops  than  is  tropical  heat'. 
With  intense  cold  microbic  life  and  the  active  causes  of  infective  dis- 
ease, are  practically  absent.  It  is  stated  that  '•  Spitzbergen,  in  summer, 
is  the  most  healthy  spot  on  earth." 

Clothing.— The  most  important  factor  in  protecting  from  cold  is 
suitable  clothing.  The  underwear,  specially  that  next  the  skin,  should 
be  of  good  flannel.  For  this  the  loosely  woven  Jaegar  wool  is  incom- 
parably superior  toother  stuffs.  The  cholera  belt  round  the  abdomen  is 
very  comforting.  Too  much  care  cannot  be  given  to  the  feet,  which 
are  the  parts  first  attacked  by  trost-bite.  Stout  worsted  socks,  ammuni- 
tion boots,  putties,  and  with'  "  shorts"  half  hose  round  the  knees,  should 
be  worn.  Serge  "  shorts"  are  preferable  to  drill  if  there  is  risk  of  frost- 
bite. The  outer  clothing  should  be  khaki  serge,  plus  the  "  coat  warm 
British,"  the  latter  being  always  made  loose  so  as  not  to  interfere  with 
the  circulation  or  muscular  action.  A  thick  woollen  sweater  is,  of 
course,  always  provided  as  well  as  a  balaclava  cap  and  woollen  mittens. 
When  actually  in  camp  nothing  can  compare  with  Gilgit  boots  for 
comfort.  The  clothing  provided  for  our  troops  in  Thibet  was  probably 
one  of  the  best  outfits  that  any  army  operating  in  intense  cold  has 
been  supplied  with  (p.  67). 

"  One  of  the  best  arrangements  for  the  avoidance  of  this  accident 
consists  in  the  use  of  heavy,  soft,  woollen  stockings,  over  which,  to- 
gether with  the  trousers,  what  are  known  as  German  socks,  heavy  and 
reaching  up  to  the  knees,  are  drawn.  The  foot  should  then  be  encased 
in  loose  moccasins  and  Arctic    overshoes  put  on    over  the  whole." 

(MUNSON.) 

Food. — Next  to  clothing,  the  food-supply  is  of  the  utmost  im- 
portance. Deficiency  in  quality  and  quantity  of  food  is  sure  to  reduce 
the  strength  of  the  men,  favour  the  effects  of  cold  and  invite  disease, 
especially  if  combined  with  dampness,  impure  air,  defective  personal 
and  camp  cleanliness,  and  want  of  exercise.  Franklin,  speaking  of 
food  and  clothing  as  supplementing  each  other  during  Polar  cold,  says  : 
"  During  the  whole  of  our  march  we  experienced  that  no  quantity  of 
clothing  could  keep  us  warm  while  we  fasted,  but  on  those  occasions 
when  we  were  able  to  go  to  bed  with  full  stomachs  we  passed  the  night 
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in  a  warm  and  comfortable  manner."  Woss  wrote  :  "  He  who  is  well  fed 
resists  cold  better  tlian  tlie  man  who  is  stinted,  wbile  starvation  from 
cold  follows  but  too  soon  on  starvation  in  food.  In  every  expedition 
or  voyage  to  a  Polar  reeiou  the  quantity  of  food  should  be  increased, 
be  that  as  inconvenient  as  it  may.  It  would  be  desirable  that  men 
could  acquire  the  taste  for  Greenland  food,  while  all  experience  has 
shown  that  the  large  use  of  oil  and  fat  meats  is  the  true  secret  of  life 
in  these  frozen  regions." 

Most  suitable  food- stuffs. — The  best  foods  for  cold  climates  are 
those  concentrated  forms  which  are  readily  and  easily  transformed  into 
heat,  and  these  are  the  kinds  whicli  are  provided  by  Nature  in  the 
abundant  animal  life  to  be  found  along  the  Arctic  liitoral.  Fats  are 
specially  yearned  for  and  taken  in  large  quantities,  Northern  explorers 
soon  acquiring  the  habit  of  the  natives  in  this  respect.  Kani<;  says  :  "Our 
journeys  have  taught  us  the  wisdom  of  the  Esquimaux  appetite,  and  there 
are  few  amontr  us  who  do  not  relish  a  slice  of  raw  blubber  or  a  chunk 
of  frozen  walrus  beef.  The  liver  of  a  walrus  eaten  with  litde  slices  of 
his  fat,  of  a  verity  is  a  delicious  morsel  "  Vresh  meat  should  be  issued 
as  liberally  as  practicable.  It  keeps  well  in  a  germless  atmosphere. 
From  all  that  has  been  stated,  it  will  be  evident  that  in  campaigns  in 
intensely  cold  countries  the  usual  dietaries  of  field  service  should  be 
modified,  and  tliis  point  should  receive  deliberate  attention  before  the 
Army  takes  the  field. 

Japanese  method  of  preventing  frost-bite.— Before  the  occur- 
rence of  the  severe  Vlanchurian  winter  cold,  instructioiis  were  issued 
regarding  the  hygienic  conditions  in  winter,  the  means  of  protection 
against  frost-bite,  and  the  rendering  of  first  aid  in  cases  of  frost-bite 
and  each  man  received  an  ointment  of  some  sort  to  use  to  prevent 
or  treat  frost-bite.  We  see  that  the  Japanese  showed  every  vhere  a  care 
down  to  the  smallest  details,  for  the  health  of  the  individual  soldier' 
thereby  securing  the  efficiency  of  their  army  as  a  fighting  force. 

Tetanus. 

Tetanus  from   wounds  on  field  service.-Tetanus  in  former 
years  or  pre-antiseptic  days  was  a  much-dreaded  comnlicatinn  nf  i 
shot  and  other  wounds  on  field  service.    The  possibilitv  fTt.  n  ^"'^ 
m  wounds  that  have  become  accidentally  1^^^  ^^^^'^ 
bacillus  from  the  clothes,  e.rth,  or  d'irt,  before  med       officers tav": 
had  t  e  oppor  unity  of  seeuig  these  cases,  should  never  be  lost  s^'ht 
of    Ihe  bacillus  IS  in  the  form  of  thin  rods,  many  of  which 
sort  0    knob  at  one  end  (hence  the  name  "  drum-stick'' baci  uTrn 
knob  indicating  the  position  of  the  spores  of  the  eerm  On?^^ 
avail  oneself  of  this  opportunity  of  reLmmendi^^g^  that,  evervTn 
hospital  be  provided  with  a  supply  of  anti-tetanus  sefum  and  thlt  >  k ^ 
used  prophylactically  in  all  cases  likely  to  be  followed  by' this  co^  r 
taon.  As  a  prophylactic  it.  in  the  vastinajority  of  cases,'[.-?venLfc 
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if  given  sufficiently  early— that  is,  within  the  first  two  or  three,  and 
even  up  to  five,  days  of  the  wound  ;  and  as  a  curative,  when  tetanus 
has  developed,  its  use  gives  the  patient  the  best  chance  of  recovery. 
For  the  last  '20  years  one  has  adopted  a  definite  line  of  prevention  in 
all  wounds  likely  to  be  followed  by  tetanus.  The  focus  of  possible 
infection  should  be  attacked  at  once  and  if  possible  rendered  sterile, 
lu  the  case  of  the  finger,  toe,  or  foot  the  surgeon  may  consider  it 
necessary  to  amputate  the  diseased  part,  and  sulDsequently  apply  pure 
carbolic  acid  followed  by  a  gauze  kept  saturated  with  peroxide  of 
hydrogen  which  is  inimical  to  the  tetanus  bacillus. 

Prevention. — All  wounds  no  matter  how  trifling  or  superficial, 
or  extensive,  should  be  treated  antiseptically  from  the  beginning.  I 
personally  invariably  apply  pure  liquid  carbolic  acid  to  every  wound  in 
soldiers  as  soon  as  they  come  under  observation.  In  some  cases  tliis 
delays  healing  for  a  few  days,  but  it  certainly  prevents  tetanus  and  all 
forms  of  septic  infection. 

Snake-bite. 

On  certain  Frontiers — Burma,  Assam,  Bhutan,  Manipur,  etc. — 
it  is  well  to  be  preparej  to  meet  cases  of  poisonous  snake-bite,  and  on 
expeditions  to  these  and  other  snake-infested  places,  it  is  desirable 
that  every  unit  should  be  provided  with  a  few  doses  of  what  is  known 
as  polyvalent  anti-venemous  serum,  which  protects  from  either 
colubrine  or  viperine  snakes,  of  which  the  cobra  and  Russell's  viper 
(daboia)  and  the  common  krait  (Bungarus  candidus)  are  respectively 
the  species  usually  met  with.  Personally,  when  going  through  the 
annual  first  aid  lessons,  one  always  incidentally  mentions  the  best 
impromptu  methods  of  dealing  with  snake-bite.  In  poisonous  snake 
regions  it  is  specially  necessary  that  the  men  should  not  move  about 
after  dark  without  boots  and  putties,  particularly  where  there  is  much 
jungle.  All  standing  camps  should  have  low  scrub  and  jungle  cleared 
all  round  for  a  distance  of  about  100  yards,  the  cut  vegetation  being 
collected  to  leeward  and  burnt  when  dry.  The  hospitals  of  units  should 
always  be  provided  with  permanganate  of  potassium  crystals. 


PART  V. 


MEDICAL  STATISTICS  IN  INDIAN  FRONTIER  WARFARE. 

Collection  of  medical  statistics  on  field  service.-One  of  the 

most  important  points  connected  with  the  administrative  charge  of  the 
Principal  Medical  Officer  with  a  force  is  the  collection  of  accurate 
and  reliable  statistics  regarding  the  sick  and  wounded,  those  dying 
from  disease  and  from  injuries  inHicted  by  the  enemy,  and  those 
killed  while  in  action.  No  medical  officer  should  grudge  the  time 
devoted  to  the  furnishing  such  information  from  the  records  of  his 
unit  or  hospital,  as  they  are  indispensably  necessary.  It  is  from  these, 
and  the  reports  accompanying  them,  that  the  medical  history  of  the 
campaign  is  formulated,  and  the  causes  of  sickness  and  mortality 
worked  out.  It  is  from  the  carefully  compiled  records  of  the  Principal 
Medical  Officer  of  the  force,  together  with  such  observations  as  he  has 
made,  and  the  inferences  to  be  deduced  from  them,  that  the  medical 
lessons  of  each  campaign  are  to  be  learnt.  These  final  reports  should 
be  a  guide  to  all  future  campaigns  in  the  geographical  region  to 
which  they  refer,  or  in  similar  regions.  Therefore  in  this  respect  the 
responsibility  of  administrative  medical  officers  is  considerable,  and  all 
his  subordinate  officers  should  loyally  share  it  by  cheerfully  rendering 
all  possible  aid.  Commanding  Officers  lend  their  aid  in  this  by 
forwarding  the  strength  of  their  units  at  the  prescribed  times,  and 
furnishing  such  other  information  as  may  be  asked  for.  The  medical 
statistics  of  the  British  Army,  both  in  peace  and  war,  are  probably  the 
moat  reliable  of  any  large  mass  of  figures  dealing  with  disease  and 
mortality,  and  we  pride  ourselves  as  military  medical  officers  on  their 
accuracy. 

The  group  of  statistics  at  the  end  of  the  campaign,  the  re- 
ports of — medical  officers  of  field  ambulances  and  general  hospitals, 
administrative  medical  officers  of  divisions,  those  of  sanitary  officers, 
and  the  personal  observations  made  by  the  Principal  Medical  Officer 
of  the  entire  force,  form  the  basis  of  the  medical  history  of  the 
campaign. 

Uniform  nomenclature  for  all  Armies  desirable.— In  all  such 
reports  a  uniform  system  of  classification  of  diseases  and  wounds  is 
necessary ;  and  for  this  the  Nomenclature  of  Diseases  of  the  Royal 
College  of  Pysicians,  London,  1906,  is  adhered  to.  It  is  necessary 
also  that  the  statistics  are  compiled  on  a  uniform  basis,  and  that  they 
are  absolutely  reliable  for  purposes  of  comparing  one  campaign  with 
another.  In  consequence  of  a  want  of  uniformity  in  the  classification 
and  nomenclature  of  diseases  and  injuries  incidental  to  peace  and  war  in 
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dififerent  nations,  il,  1ms  not  always  been  possibia  to  compare  the  sick- 
ness and  mortality  of  different  armies.  With  theobject  of  establishing 
a  definite,  fixed,  and  comparable  nomenclalure  and  classiOcation  of 
diseases,  injuries  and  wounds,  a  Committee  on  International  Military 
AJedical  Statistics  met  at  Hilda- Pesth  in  1804.  That  Committee 
formulated  a  scheme,  which,  it  followed,  would  remove  many  of  the 
difficulties  medical  statisticians  of  Armies  have  hitherto  contended 
with.  Carried  out  in  its  integrity,  this  scheme  would  create  a  basis  for 
comparison  and  yield  a  large  amount  of  valuable  information  not  other- 
wise get-at-able. 

The  medical  statistics  of  a  campaign  show  the  degree  of  healthi- 
ness or  un healthiness  that  prevailed  in  the  campaign  as  a  whole,  and 
in  different  places  and  periods  of  the  campaign.  They  point  out  at  a 
glance  what  parts  were  most  unhealthy,  and  as  far  as  possible  explain 
the  cause  of  such  un  healthiness,  and  the  measures  adopted  to  reduce  it. 
They  show  us  to  what  extent  epidemic  and  infectious  general  diseases 
prevailed,  the  conditions  under  which  they  occurred,  and  the  mortality 
and  inefficiency  caused  thereby.  They  likewise  give  us  the  actual 
numbers  of  deaths  from  all  causes  and  individual  causes,  with  the 
mortality-rate  to  strength,  and  the  causes  of  these  deaths  ;  the  relative 
amount  of  sicl<ness  to  strengtli  as  a  whole,  and  at  different  periods. 
All  these  and  various  other  points  of  considerable  interest  to  the 
military  sanitary  officer  are  brought  out  by  medical  statistics  of 
campaigns. 

The  morning'  state. — The  special  items  of  information  which  the 
Gr.  0.  C.  of  the  force,  division,  or  brigade  requires  are — the  actual 
number  of  sick  and  wounded,  the  number  of  men  rendered  inefficient, 
the  nature,  extent,  and  probable  causes  of  any  prevalent  diseases,  in 
general  terms  what  is  being  done  for  them,  and  wtiat  steps  are  taken  to 
remove  the  causes  and  lessen  these  diseases  in  the  force.  Part  of  this  is 
furnished  in  the  morning  state,  which  also  gives  the  number  remaining 
in  hospital,  fresh  admissions,  discharges,  number  transferred  towards 
the  base,  and  the  number  of  deaths.  All  medical  oflBoers  submit  this 
return  regarding  their  c-'urges.  The  medical  officer  will  recollect  that 
in  invested  or  besieged  garrisons,  men  convalescing  or  suffering  from 
minor  complaints  may  be  fit  for  various  garrison  duties,  although  not 
able  to  march.  A  special  return  is  required  for  all  officers  and  men 
who  have  sustained  injuries  in  action.  This  must  be  carefully  prepared 
and  in  such  cases  the  medical  officer  gives  a  concise^  and  accurate  descrip- 
tion of  the  kind  of  wound,  its  degree  of  severity,  the  phraseology  of  the 
regulations  being  strictly  adhered  to ;  strict  attention  to  this  would 
obviate  much  unnecessary  trouble  to  all  concerned  later  on.  A  weekly 
return  of  sick  and  wounded  is  submitted  from  all  hospitals  in  the  field. 

Collection  of  medical  statistics  in  Japanese  Army  during 
war— In  the  Japanese  Army  the  Principal  Medical  Officer  of  the 
Field  Forces,  P.  M.  Os.  of  the  different  armies,  lines  of  communication, 
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divisions  and  fortresses,  officers  commanding  liospit.al  units  (with  the 
exception  of  those  of  reserve  hosjiitals),  officers  commanding  bearer 
battalions,    reserve  medical  personnel  units,    medical  and  surgical 
reserve  depots,  sick  and  wounded  transport  department  units,  hos- 
pital trains  and  hospital  ships,    are  obliged   to  keep    field  diaries. 
The  p.  M.  0.  of  a  depot,  division  and  of  a  reserve  ho8()ital  keeps, 
instead,  what  is  called  a  depot  diary.    The  professional  records  of  the 
sick  and  wounded  go  with  the  patient  wherever  he  goes,  in  the  form  of 
case  sheets.    During  an  action  every  wounded  man,  sent  back  from  his 
unit,  must  have  liis  wounds  examined  and  recorded  in  the  field 
hospitals.    This  is  the  commencement  of  the  case  sheet,  and  notes  on 
the  case  are  added  during  and  throughout  the  whole  of  the  patientV. 
stay  in  any  unit  of  the  medical  service.    These  sheets  become  very 
valuable  documents  for  the  preparation  of  the  professional,  medical 
and  surgical  histories  of  the  war,  as  well  as  evidence  in  establishing  the 
amount  and  nature  of  gratuity  pension  that  is  to  be  given  for  injuries. 
They  also  indicate  whether  the  man  has  had  adequate  care  and  atten- 
tion from  the  time  of  his  falling  ill,  or  being  wounded.    There  is  also 
a  form  for  prescriptions  which  accompanies  and  is  attached  to  the  case 
sheets.    The  cases  are  divided  into  three  classes— the  first  being  those 
whose  diseases  and  injuries  were  caused   by  duty;  second,  not  so. 
caused,  but  caused  by  circumstances  over  which  the  patient  had  no 
control ;  the  third  caused  by  the  patient's  own  neglect.    In  battalion 
units  there  is  also  a  classification  into — -Ist,  those  who  must  be  admitted 
into  the  battalion  sick  reserve  while  the  battalion  is  in   a  stationary 
camp  (cantoned),  or  must  be  carried  on    wagons,  or  on  horseback 
during  a  march  ;  2nd,  those  excused  duty  but  who  come  up  daily  for 
treatment  in  cantonments,  or  have  their  rifles  and  valises  carried  for 
them  on  the  march;   and  3rd,  those  who  have medicine  and  duty  " 
marked  on  their  sick   reports,  and  wlio  are  relieved  of  their  valises 
during  a  march,  but  not  allowed  to  march  out  of  the  ranks.  If  any  mau 
of  the  last  class  reports  sick  three  days  running,  he  must  be  transferred  to 
either  the  first  or  second  class.    Admissiion  and  discharge  books"  are 
kept  for  various  units,  showing  the  different  classes  of  sick. 

The  medical  organisation  of  the  Japanese  Army  is  based  upon  thn 
field  medical  organisation  of  the  German  Army,  but  the  Japanese  have 
modified  and  simplified  the  German  system  to  suit  their  own  ideas,  and 
in  mobility  their  equipment  of  mobile  units  corresponds  mor«  'with 
ours  than  with  that  of  the  German  Army. 

The  whole  medical  organisation  proved  very  elastic  during  the  war 
the  personnel  took  every  advantage  of  local  resources,  and  showed 
great  skill  in  improvising  equipment.  The  large  mass  of  casualties 
was  dealt  with  rapidly  and  without  confusion  from  beginning  to  end 
Ihis  was  achieved  not  only  by  a  logical  organisation  and  sufficiency 
oi personnel  for  all  purposes,  but  also  by  an  intelligent  and  harmonious 
co-operation  of  compulsory  and  voluntary  reserves  from  Civil  and  Red 
Cross  Societies  under  the  direction  and  absolute  control  of  the  regular 
Army  Medical  Service.  'tguiar 
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Personnel. 

Medical  personnel.— You  may  not  be  familiar  with  the  distribu- 
tion of  the  different  parts  of  the  medical  personnel  in  our  campaigns, 
and  it  may  be  advisable  here  to  roughly  sketch  the  ordinary  arrange- 
ments, showing  the  share  of  duties  taken  by  medical  officers  of  all  ranks. 
One  would  premise  by  stating  that  from  the  experience  of  previous 
expeditions  and  all  our  rectent  manoeuvres  on  a  large  scale,  these 
arrangements  are  subject  to  modifications  and  some  elasticity,  and 
the  following  has  reference  to  a  large  force  taking  the  field  on  one  of 
our  Frontiers.* 

Principal  Medical  OflBcer,  H.  M.  F.,  India.— The  Principal  Medi- 
cal Officer,  H.  M.  Forces  in  India  at  Army  Head -quarters,  is  the 
responsible  adviser  of  the  Commander-in-Chief  in  India  on  all  subjects 
dealing  with  the  health  of  the  Army  in  India.  On  the  outbreak  of  a 
war,  he  may  be  expected  to  give  his  opinion  on  all  •  matters  connected 
with  the  country  to  be  invaded — its  climate  and  productions  ;  the 
rations,  cltohing,  shelter  required,  sanitary  arrangements  and  organi- 
sation for  the  prevention  of  disease  amongst  the  troops.  He  arranges 
all  matters  relating  to  medical  and  surgical  stores,  supplies,  equip- 
ment, ambulance  and  medical  services  to  accompany  the  Army,  and 
nominates  the  personnel  to  the  different  administrative  posts  and 
hospitals.  He  issues  to  the  Principal  Medical  Officer  of  the  Force  such 
special  instructions  for  guidance  in  all  matters  connected  with  the 
above  as  he  considers  necessary  to  meet  the  conditions  of  the  particular 
campaign  entered  upon. 

Administrative  Medical  Service  of  Field  Force.— The  Principal 
Medical  Officer  of  the  Force  or  Forces  is  the  responsible  advising 
Staff  Officer  of  the  General  Officer  Commanding  the  Force  or  Forces, 
in  connection  with  all  matters  affecting  the  health  and  medical 
arrangements  of  the  force.  He  is  responsible  for  the  entire  arrange- 
ments for  the  prevention  of  sickness,  the  removal  of  the  wounded  from 
the  field,  and  the  general  care  and  treatment  of  all  sick  and  wounded 
throughout  the  force.  Under  the  G.  0.  C.  he  has  supreme  control 
over  the  Medical  Service  connected  with  the  field  force.  He  ordinarily 
remains  at  the  head-quarters  of  the  field  force.  He  is  in  communica- 
tion with  the  heads  of  all  departments  of  supply,  transport,  equipment, 

«  In  the  preparadouof  tliis  Section  one  is  indebted  to  an  Essai/  on  Medical 
Arrangements  in  Warhj  Lieut.-Col.  C.  W  S.  Magrath,  R.A.M.C.,  published  in  the 
November  1906  issue  of  the  Journal  of  the  Hoyal  Army  Medical  Corps;  and  to  the 
Field  Service  Manual,  Medical,  1908,  and  I^ield  Sern'ce  JfeQulaliovs,  1908. 
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stores,  etc.,  and  keeps  them  iafortned  of  what  is  necessary  in  connection 
with  the  Medical  Service. 

The  P.  M.  0.  P'orce  or  Forces  advises  the  Gr.  0.  C.  of  the  Force  or 
Forces  on  all  questions  relating  to  rations,  clothing,  shelter,  sanitary 
arrangements,  precautions  for  preventing  disease,  and   on  all  other 
questions  having  reference  to  the  physical  efficiency  and  health  of  the 
force.  On  being  informed  of  the  presence  of  any  unusual  disease,  he 
immediately  investigates  the  cause  of  the  same,  ascertains  whether  it 
proceeds  from,  or  is  aggravated  by,  defects  in  cleansing,  drainage 
nuisances,  overcrowding,  defective  ventilation,  bad  or  deficient  water- 
supply,  dampness,  marshy  ground,  or  any  other  local  cause  ;  or  from 
bad  or  deficient  food,  intemperance,  unwholesome  liquor,  fruit,  defective 
clothing  or  shelter,  exposure,  fatigue,  or  from  any  other  cause.  He 
reports  to  the  Quartermaster-General  on  such  causes,  and  the  measures 
for  their  removal,  and  furnishes  the  Gr.  O.  C.  with,  a  daily  report  on 
the  progress  or  decline  of  the  disease.    He  accompanies  the  Quarter- 
master-General (or  an  officer  he  appoints)  on  the  line  of  march,  and 
collects  information  regarding  the  medical  topography,  especially  as 
regards  sites  to  be  occupied  or  avoided.    He  submits  to  the  P.   M.  0.,' 
H.  M.  F.  in  India,  a  weekly  report  on  all  subjects  connected  with  the 
hygiene  and  sanitary  state  of  the  Army  in  the  field.    He  advises  on  the 
sanitary  arrangements  of  the  camps    and    of  occupied  towns  and 
villages,  and  reports  whether  the  surface  and  vicinity  of  camps,  towns, 
etc.,  are  kept  clean  ;  whether  drainage  of  surface  is  properly  arranged 
for;  that  the  dead  are  being  properly  interred  ;  whether  carcases  are 
properly  buried  or  disposed  of;  and  whether  the  water-supply  is  kept 
pure.    He  reports  to  the  Quartermaster- General  or  Camp  Staff  Officer  or 
Provost  Marshal  of  the  camp  concerned,  sanitary  defects  he  may  find, 
and  if  such  defects  are  general,  to  the  Quartermaster-General  or  the 
G.  0.  C.  the  Force. 

Inspections,  P.  M.  0.  Forces.— The  P.  M.  0.  Forces  periodically 
inspects  the  Medical  Service  connected  with  the  field  force,  assures 
himself  that  everything  connected  with  it  is  in  an  efficient  condition 
and  according  to  Kegulations.  He  distributes  the  medical  establishment 
and  equipment  as  may  be  considered  necessary  for  carrying  out  the 
instructions  contained  iu  the  Kegulations.  He  assures  himself  that  the 
sick  of  corps  unfit  for  duty  are  sent  to  the  field  ambulances  with  the 
force,  and  do  not  encumber  the  fighting  force  ;  that  the  field  ambulances- 
with  the  fighting  line  are  not  overcrowded,  and  that  the  sick  and 
wounded  are  sent  to  the  base.  He  gives  the  G.  0.  C.  Forces  a 
numerical  return  by  corps  showing  the  number  of  sick  and  wounded 
sent  to  the  base,  and  reports  to  the  P.  M.  0.,  H.  M.  Forces  in  India, 
the  hygienic  state  of  the  Army  in  the  field,  and  to  the  same  officer' 
submits  copies  of  all  sanitary  recommendations  made  to  the  G.  0.  c! 
as  well  as  a  weekly  telegraphic  summary  of  all  sick  and  wounded.  If 
there  is  no  P.  M.  0.,  lines  of  conrmunieation,  he  holds  administrative 
medical  control  of  these  also. 
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Before  an  engagement  he  arranges  in  '  consultation  with  the 
(t.  U.  C.  the  places  for  the  dressing  stations  of  the  bearer  companies 
and  tor  pitching  field  ambulances  and  satisfies  himself  that  all  arrange- 
ments are  being  made  for  dressing  the  wounded  in  the  quickest  and 
most  eifective  way. 

The  P.  M.  0.  i^'ield  Force  informs  the  P.  M.  0,  lines  of  communica- 
tion as  to  the  number  of  patients  to  be  transferred  towards  the 
base  from  time  to  time,  so  as  to  enable  Idm  to  arrange  for  their 
care  and  treatment  e7i  route  to  the  base.  The  P.  M.  0.  lines  of 
communication  should  at  ail  times  know  the  available  accommodation 
in  all  hospitals  under  his  control,  and  whenever  possible  give  medical 
officers  in  charge  of  hospitals  timely  intimation  as  to  the  day  and 
probable  hours  of  arrival  of  convoys  of  sick  and  wounded  at  different 
stations.  This  is  urgently  necessary.  He  details  the  staff'  attached 
to  the  hospitals  on  the  lines  of  communication,  the  necessary  estab- 
lishment for  convoys  of  sick  and  wounded  proceeding  towards  the 
base  of  operations,  and  sees  that  sufficient  medicines,  appliances,  and 
medical  comforts  have  been  provided  for  the  road. 

Sanitary  Medical  Service  in  the  field.— During  our  three  largest 
concentration  of  troops  in  recent  times  (Delhi  1902-03,  Rawalpindi  1905 
and  Agra  ll»07  j,  there  was  a  special  sanitary  staff  attached  to  the  forces, 
consisting  of  a  chief  sanitary  officer,  under  the  P.  M.  0.  of  the  Force, 
and  a  divisional  sanitary  officer,  under  the  P.  M.  0.  Division  (these 
latter  P.  M.  O.'s  were  not  always  appointedj;  and  in  future  campaigns 
a  similar  sanitary  staff'  will  be  appointed. 

When  a  chief  sanitary  officer  is  appointed  with  the  force,  he  will, 
under  the  P.  M.  0.  Force,  carry  out  all  the  sanitary  duties  of  that 
officer,  to  whom  be  is  responsible  that  such  duties  are  efficiently  dis- 
charged. As  these  duties  are  specially  concerned  with  the  prevention 
of  disease  and  inefficiency  in  tUe  lorce,  they  will  be  referred  to  later 
on  under  the  heading  of  Duties  of  Sanitary  Officers. 

Principal  Medical  OflBcer  of  Divisions. — A  P.  M.  0.  is  appointed 
to  each  infantry  and  each  cavalry  division.  He  is  on  the  divisional 
staff,  and  is  responsible  for  all  sanitary  and  medical  service  in  his 
division.  He  ensures  absence  of  damming  back  of  the  sick  on  the 
fighting  line,  keeps  the  P.  M.  O.  Field  Force  and  P.  M.  0.  lines  of 
communication  constantly  informed  of  the  number  of  sick  and  wounded 
requiring  conveyance  towards  the  base,  and  the  form  of  transport 
needed. 

Principal  Medical  Officer,  Lines  of  Communication.  —  A  P.M.O. 

is  posted  to  the  staff"  of  the  G,  0.  C  lines  of  communication,  and  under 
the  latter  officer  he  controls  all  medical  arrangements  from  and  includ- 
ing the  base,  up  to  the  tieJd  ambulances  with  the  fighting  force,  and  he 
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frequently  inspecfs  these.    He  is  responsible  for    the   transport  of 
medic«l  and  surgical  stores  and  'personnel  to  the  front.    He  arranges 
under  the  G.  0   C  lines  of  communication,  for  the  ccnveyance  ot  all 
sick  and  wounded  from  the  front  and  lines  of  communication  to  the 
base. 

Administrative  and  Executive  Sanitary  Staffin  Indian  Frontier 
Warfare.— In  our  Frontier  campaigns  of  any  size  there  will  probably 
usually  be  a  chief  sanitary  medical  officer  (under  the  P.  M.  0.  of  the 
whole  force)  with  one  staff  sanitary  medical  officer  lo  each  division 
under  him.  The  chief  sanitary  officer,  with  the  approval  of  the  P.M.O. 
of  tlie  I^rce,  drafts  a  series  of  rules  regarding  the  sanitation  of 
camps,  prevention  of  disease,  and  the  method  of  dealing  with  infectious 
disease.    These  are  added  to  as  occasion  requires. 

The  chief  sanitary  officer,  as  a  matter  of  routine,  will  provide 
eacli  divisional  fanitary  officer  with  all  iiiformation  reaching  him 
likely  to  affect  tlie  health  of  the  troops,  and  where  practicable,  at  the 
opening  of  the  campaign,  will  make  a  tour  of  inspection  round  all 
camps  to  ascertain  that  all  sanitary  orders  are  being  systematically 
carried  out. 

Inspection  of  camps  by  Principal  Medical  Officer  Forces,  and 
Chief  Sanitary  Officer  —1  he  Principal  Aledical  Officer  of  the  Force  and 
the  c'lief  sanitary  officer  will  make  a  genernl  ius]  ectioii  ofthecamps  as 
early  as  pmcticable.  In  this  they  will  direct  their  attention  to  the  general 
arrangement  of  the  tents  in  camps,  tlte  water  supplies,  arrangements  for 
bathing  and  washing  of  clotlies,  position  of  kitchens,  the  food-supply 
of  troops,  and  arrangements  for  feeding  ;  the  position  and  construction 
of  night-soil  trenches  or  incinerators,  arrangement  for  tlie  accumulation 
and  destruction  of  all  camp  refuse;  standings  of  transport  animals; 
dis])osition  of  tield  ambulances  of  divisional  troops,  and  that  these  are 
in  thorough  working  order.  It  cannot  be  expected,  however,  that 
these  officers  are  able  to  attend  to  the  details  of  all  hygienic  re- 
quirements necessary  to  safeguard  the  health  of  the  troops  They  have 
already  issued  their  orders  on  these  points  in  a  general  way,  the  responsi- 
bility that  tliese  orders  are  duly  observed  in  all  camps,  and  that  attention 
to  the  details  embraced  in  those  orders  are  given  effect  to,  rests  with 
divisional  sanitary  officers.  It  will  often  happen  that  the  latter  officer 
will  have  to  act  on  his  own  initiative  as  regards  the  sanitary  orders  of 
his  charge,  in  which  case  he  apprizes  the  chief  sanitary  officer  of  the 
orders  issued. 

The  chief  sanitary  officer  will  examine  and  report  on  the  quality 
of  the  water-supply,  point  out  the  best  sources  of  supply,  and  also 
indicate  any  precautions  required  for  the  collecting,  storing,  purifying 
and  distributing  water.  He  will  note  the  nature  of  the  rations, 
means  of,  disposal  of  kitchen  refuse  (which  should  be  removed  to  the 
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Site  chosen  and  never  used  as  fuel  for  cooking).  In  camps  moving 
daily  the  combustible  refuse  of  kitchens  may  be  heaped  in  a  selected 
place  and  burnt.  He  should  observe  the  position,  construction  work- 
ing and  state  ot  the  night-aoil  trenches  or  incinerators,  and  of  the 
surrounding  area. 

Divisional  Sanitary  Officer's  duties— Initialinspection  to  be 
thorough.~lhe  respousibihty  regarding  the  sanitary  work  of  camps 
thus  falls  on  the  divisional  sanitary  officer,  who  keeps  in  constant 
touch  with  the  divisional  staff.  The  sanitary  officer  of  a  division  is  the 
responsible  sanitary  adviser  of  the  divisional  commander  and  P.  M.  (). 
Division.  His  special  duties  are  to  see  that  all  orders  issued  by  the 
chief  sanitary  officer  are  carried  out,  and  in  the  absence  of  such  orders, 
the  duties  of  the  latter  as  far  as  his  division  is  concerned  (mider  the 
principal  medical  officer,  division,)  devolves  upon  him.  He  must  make 
a  thorough  initial  inspection  of  every  camp  in  his  charge.  During  this 
inspection  which  may  last  two  or  more  days,  and  in  which  he  should  if 
possible  be  attended  by  the  camp  staff  officer  or  provost  marshal,  the 
medical  officer  and  quarter-master  of  the  unit,  he  directs  special  attention 
to  the  following  in  each  camp  :— The  disposition  of  the  tents,  freedom  of 
ventilation  within  and  around  them,  number  of  occupants  in  each  tent, 
order  and  neatness  in  the  arrangement  of  kits,  cleanliness  of  the  tents, 
presence  or  absence  of  debris  of  food  on  the  floors.  He  directs 
that  no  part  of  the  daily  food  should  be  eaten  in  tents  ;  the  men  should 
feed  outside  and  not  in  the  tents.  They  should  eat  their  food  in 
groups  so  as  to  accumulate  debris  and  refuse,  and  thus  facilitate 
clearing  away.  In  inclement  weather  shelters  for  feeding  in  are  desir- 
able. He  assures  himself  that  all  orders  regarding  the  opening 
out  and  sunning  of  tents  and  their  contents,  and  those  about  the 
drainage  of  the  camp,  are  properly  understood.  He  will  have  seen  the 
general  source  or  sources  of  tvater-supply  (see  p.  38  etseq  ),  issued, 
orders  to  safeguard  it  from  all  causes  of  contamination,  investigated  its 
quality,  sufficiency,  and  means  of  distribution  to  all  camps.  In  the 
camps  of  British  troops  he  will  inspect  the  water  cisterns  or  casks,  see 
that  they  are  at  a  safe  distance  from  latrines  (especially  night  latrines, 
if  these  are  in  use),  and  standings  of  transport  animals ;  observe  the 
method  of  filtration  or  permanganating  (if  this  is  necessary),  and 
assure  himself  that  they  are  clean,  that  their  disposition  and  the 
arrangements  for  keeping  them  full  are  satisfactory  and  with  all  troops 
that  there  is  no  possible  form  of  pollution  from  the  source  to  the 
consumer. 

Finally,  the  inspection  of  the  divisional  sanitary  officer  should  em- 
brace a  complete  review  of  the  sanitary  arrangements  of  all  the  field 
ambulances  attached  to  his  division.  He  should  minutely  inquire  into 
the  manner  in  which  it  is  proposed  to  deal  with  cases  of  enteric  fever, 
dysentery  and  epidemic  diarrhoea  and  other  infectious  diseases.* 

»Lieut.-CoI.  11.  CALDWKhL,  R.A.M.C.,  Military  Hi/(/iene,  p.  322. 
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Further  duties  of  Divisional  Sanitary  Officer.— As  previously 
remarked,  the  initial  inspection  of  the  divisional  sanitary  officer 
slionld  be  thorough  and  complete,  and  notes  should  be  made  of  such 
matters  as  require  representation  to  the  general  officer  commanding 
the  division  and  chief  sanitary  officer.  Any  recommendations  he 
makes  should  show  thoughtfulness  with  regard  to  the  special  conditions 
in  existence,  the  facility  for  carrying  them  out,  the  available  sanitary 
establishment,  and,  in  general,  their  reasonable  practicability.  When- 
ever he  deems  it  necessary,  he  renews  his  visits,  and,  throughout  the 
campaign,  keeps  a  watchful  eye  on  all  conditions  and  causes  liable  to 
o-ive  rise  to  disease  amongst  the  troops.  All  sanitary  reports  connected 
with  unit  camps  should  be  submitted  by  the  divisional  sanitary 
officer,  except  where  there  is  anything  special  to  be  represented  by 
medical  officers  of  units,  in  which  case  it  is  submitted  through  the 
usual  channel. 

The  wide  scope  of  the  duties  of  the  divisional  sanitary  officer 
should  be  recognised  by  military  authority  ;  all  information  called  for 
by  him  provided,  and  all  orders  issued  by  him  duly  carried  out.  His 
specific  duties  are  to  prevent  disease  in  the  division.  Preventive 
measures  decrease  the  causes  of  disease  on  field  service.  Such  causes 
in  large  bodies  of  troops  on  service  are  always  in  existence.  In  many 
cases  the  exercise  of  these  functions  requires  much  tact  and  firmness, 
but  whenever  any  serious  dereliction,  slackness,  or  opposition  is  met 
with,  it  is  to  be  instantly  represented  to  the  divisional  commander. 
In  this  there  can  be  no  compromise. 

A  daily  sanitary  inspection  of  all  camps  indispensable. — 

Every  camp  with  the  force,  however,  must  be  subjected  to  a  daily 
sanitary  inspection  by  some  responsible  medical  officer;  this  is  indis- 
pensable. The  basis  of  this  is  the  inspection  by  the  medical  officers  of 
individual  regiments.  Whenever  possible  one  of  the  British  officers  of 
the  corps  should  accompany  him  to  take  notes  of,  and  see  that  any 
recommendations  made  are  carried  out,  as  this  cannot  with  safety  be 
delegated  to  subordinates.  Medical  officers  of  units  should  specially 
bear  in  mind  that  all  the  sanitary  work  of  camps  must  be  carried 
out  daily  in  a  routine  way — they  are  responsible  to  their  commanding 
officers  that  it  is  so. 

Isolation  and  segregation  camps. —With  every  division  there 
should  be  provided  an  isolation  and  a  segregation  camp,  the  former  for 
actual  cases  of  infectious  disease  such  as  small-pox,  measles,  mumps, 
plague,  cholera,  etc.,  the  latter  for  "contacts,"  that  is,  those  who  have 
lived  in  the  same  tents  or  hut  as  the  patient.  The  tent  previously  occu- 
pied by  the  patient  and  "  contacts  "  should  be  thoroughly  fumigated  and 
exposed  to  the  sun  for  a  few  days  before  re-occupation.  In  practice  it 
is  desirable  to  transport  condemned  tents  for  both.  A  special  site 
should  be  chosen  for  these  camps  as  reasonably  far  from,  the  main  body 
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as  military  consKlerations  permit.  Officers  commanding  field  ambulances 
should  receive  definite  instructions  as  to  wliat  they  are  to  do  when  any 
case  of  infectious  disease  comes  to  their  hospitals,  and  they  should  be 
informed  as  to  the  precise  position  of  the  isolation  and  segregation 
camps.  Where  such  camps  cannot  be  established,  it  may  be  necessary 
to  detach  a  section  of  the  field  ambulance  to  be  used  as  an  infectious 
diseases  hospital,  as  was  done  by  the  Japanese  in  Manchuria. 

Where  epidemic  infectious  disease  of  any  kind  is  at  all  likelv  to 
happen,  its  invasion  should  be  anticipated  hy  the  publication  of  rules 
regarding  its  prevention,  and  a  sufficient  number  of  appropriate  portable 
disinfectant  chambers  might  accompany  the  Army  (their  exact  position 
being  made  known  to  all  concerned;  for  disinfectif)n  of  clothes,  or 
irr.provised  disinfectant  chambers  might  be  constructed— one '  per 
division. 

On  the  outbreak  of  any  infectious  disease,  definite  orders  should 
be  at  once  published  by  the  chief  sanitary  officer  as  to  the  steps  to  be 
taken  to  limit  its  spread,  and  effect  its  eradication.  These  orders  will 
necessarily  vary  with  the  nature  of  the  disease. 

It  stands  to  reason  that  military  considerations  must  necessarily 
predominate  under  all  circumstances  connected  with  service  in  the 
field  ;  hence  under  many  conditions,  several  preventive  measures  may 
have  to  be  either  relinquished  or  temporarily  suspended  ;  this  gives  us 
solid  grounds  for  endeavouring  to  make  up  for  this  temporary  relaxa- 
tion of  such  measures  by  rigid  adherence  to  those  preventive  precepts 
that  are  not  affected  by  military  considerations. 

No  special  sanitary  officers  with  Japanese  Army,— There  were 
no  special  sanitary  officers  in  the  field  witli  the  Japanese  armies  in 
Manchuria,  but  the  principal  medical  officer  of  divisions  made  use  ot 
one  or  other  of  his  assistants  for  Siinitary  work,  or  selected  one  or  more 
of  the  medical  officers  belonging  to  field  hospitals  who  were  specially 
fitted  for  sanitary  work  to  carry  out  investigations  of  a  sanitary  nature. 
In  the  event  of  epidemics  occurring,  special  sanitary  committees  were 
formed  who  were  responsible  for  dealing  with  the  epidemic,  and  special 
regulations  were  sent  into  the  field  to  investigate  scientifically  the 
origin  and  nature  of  the  epidemic. 

Principles  governing  our  Medical  Service  in  Frontier 
Warfare.— The  principles  governing  our  orgnanisation  of  the  Medical 
Service  in  the  field  in  India  are: — 

(a)  To  provide  for  the  immediate  requirements  of  the  force  and 

to  relieve  it  of  non-effectives. 
(h)  To  transfer  the  sick  and  wounded  (trifling  cases  excepted)  in 

the  direction  they  most  eventually  go,  namely,  to  the  base 

of  operations ; 

(c)  To  apportion  the  establishment  and  equipment  to  the  require- 
ments of  the  force  as  a  whole, 
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Line  of  medical  assistance  from  front  to  base.— The  line  of 
medical  assistance  from  the  Army  in  the  Held  to  the  Ijase  is  :  — 

1.  Medical  officers  doing  duty  with  corps  and  units. 

2.  Bearer  Companies. 

3.  Field  Hospitals. 

4.  Field  Medical  Store  Depots. 

5.  Sick-convoys  and  Hospital  Trains. 

6.  Hospitals  on  the  lines  of  communication. 

7.  Greneral  Hospital  at  the  base  of  operations,  or  other  suitable 

locality,  and  Military  Base  Depots  connected  therewith. 

8.  Base  Medical  Store  Depots.* 

In  our  territorial  campaigns  in  India  it  would  be  rare  to  employ 
hospital  ships ;  these  need  not  therefore  be  referred  to  further. 

Medical  materiel  and  personnel  of  units.— With  each  corps 
unit  there  are  :— 

MateneL — 1  Pair  field  medical  panniers. 

1  Field  medical  companion. 
1  Surgical  haversack. 
16  Blanket  stretchers. 
1  Field  surgical  cavalry  bag  for  cavalry  regiment  and 
each  battery  of  horse  artillery. 

Personnel. — 1  Medical  officer. 

1  Assistant  surgeon  or  hospital  assistant. 
1  Ward  servant  or  ward  orderly. 

The  equipment  and  medical  resources  in  a  regiment  in  the  held  are 
not  intended  to  meet  the  requirements  of  cases  of  serious  illness.  Only 
comparatively  triHing  ailments,  very  temporary  disturbances  of  health, 
and  slight  wounds,  cases  which  will  be  fit  to  return  to  duty  in  a  few 
days,  can  be  adequately  treated  in  the  regimental  hospital  in  the  field. 

Duties  of  medical  officers  of  regiments  or  units. — The  duties  of 
the  regimental  medical  officer  in  the  field  are  always  serious,  and  those 
connected  with  preventive  measures  are  by  far  the  most  important 
The  foundation  of  the  sanitary  system  in  the  field  must  be  that  of 
units.  Infectious  or  epidemic  disease  appearing  in  one  reo-imeut  may 
disseminate  to  the  whole  force.  As  now  conducted  on  our  laro-e 
manoeuvres,  regimental  sanitation  is  certainly  on  a  much  hio-her  basis 
than  it  was  twenty  years  ago.  The  far-reaching  importance  of  re<n 
mental  sanitation  was  fully  recognised  and  acted  up  to  by  the  Japan  ^ 
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who  have  an  unprecedented  record  of  comparative  freedom  from  disease 
in  the  late  war,  under  very  adverse  circumstances.  One's  'personal 
experience  is  that  we  are  still  far  from  perfect  in  our  regimental  sani- 
tation, nnd  one  of  the  chief  causes  is  thut  the  regimental  officers 
do  not  take  the  interest  in  it  which  its  importance  demands.  Command- 
ing officers  of  regiments  should  be  made  entirely  responsible  for  the 
health  of  their  men,  and  the  sanitary  conditions  under  which  they  live 
on  the  march,  during  manoeuvres,  in  barracks,  and  in  the  field,  in  the 
same  way  as  officers  commanding  cavalry  regiments  are  responsible 
for  the  state  of  their  horses,  the  feeding,  condition  of  stables,  etc. 

What  at  present  happens  is  that  a  regimental  medical  officer  is 
often  new  to  the  regiment,  with  British  troops  he  must  almost  neces- 
saiily  be  so,  unless  by  chance  attached  to  it  in  some  station  previously. 
He  is  often  young.  He  makes  recommendations  which  the  command- 
ing officer  may  or  may  not  carry  out  If  not  carried  out  the  medical 
officer  is  placed  in  the  unpleasant  position  of  being  obliged  to  repre- 
sent the  matter  to  higher  authorities.  A  committee  on  the  medical 
arrangements  of  the  ISouth  African  War  stated  :  "  No  satisfactory 
system  of  camp  sanitation  can  be  carried  out  without  the  intelligent 
cooperation  of  company  and  commanding  officers."  The  wording  of  this 
is  unfortunate,  as  commanding  officers  do  not  co-operate  with  their 
junior  regimental  officers,  but  the  principle  that  all  officers  should  take 
part  in  the  sanitary  work  of  regiments  is  embraced  in  the  above  quota- 
tion. A  commanding  officer  should  have  the  whole  responsibility 
placed  on  him  as  to  the  health  of  his  corps  and  the  sanitary  state  his 
corps  lives  in  ;  if  this  is  done,  he  will  see  that  his  sanitary  staff,  headed 
by  the  medical  officer,  do  their  duty,  each  company  officer  doing  his 
share. 

In  organised  schemes  for  the  prevention  of  disease  in  regiments 
a  great  deal  depends  on  the  initiative,  constant  interest,  practical  know- 
ledge and  experience  of  the  medical  officers  of  regiments,  and  the 
recent  orders  regarding  the  instruction  of  junior  medical  officers  of  both 
services  in  large  division  cantonments  is  of  the  utmost  importance 
in  this  respect. 

We  have  already  alluded  in  extenso  to  the  duties  of  medical  offi- 
bers  with  units  on  the  march  to  and  at  tlie  front  (pp.  69 — 71) ;  and  it 
is  only  necessary  here  to  emphasise  a  few  points  referred  to  previously. 
The  medical  officer  of  units  will  be  under  the  orders  of  the  0.  C.  unit  to 
which  he  is  attached,  but  will  receive  instructions  from,  and  be  at  the 
disposal  of,  the  P.  M.  O.'s  of  the  Division  and  Force.  Medical  officers 
of  units  advise  their  commanding  officers  on  all  matters  relating  to  the 
health  of  the  men.  The  chief  duty  of  the  military  medical  officer  of 
regiments  on  service  is  the  prevention  rather  tlian  the  cure  of  disease. 

Weekly  iivti'peclionfi  of  troops  and  followers.— MWv  the  troops 
and  followers  have  left  their  respective  stations,  and  during  the  whole 
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period  they  may  be  employed  on  active  service,  medical  inspections 
will  be  made  once  a  week,  and  in  the  event  of  the  appearance  ot  any 
infective  disease,  these  inspections  will  be  made  daily  when  practic- 
able, as  it  is  very  necessary  that  vigilant  attention  be  given  to  the 
early  detection  of  such  disease. 

When  British  soldiers  report  sick,  they  will  be  sent  to  tlie  medical 
officer  with  the  usual  sick  report  in  duplicate ;  if  they  are  passed  on  to 
a  field  ambulance  one  copy  of  the  report  will  be  sent  with  them,  and  the 
other,  on  which  the  man's  disease  and  destination  will  be  marked, 
returned  to  the  officer  commanding.  Native  officers  and  soldiers  sent 
to  field  ambulances  will  be  accompanied  by  the  orthodox  medical  certi- 
ficate prepared  by  the  regimental  medical  officer. 

Medical  officers  of  regiments  to  keep  an  official  dmri/.  — Medical 
officers  of  units  should  keep  a  diary  in  which  the  disease  and  the 
method  of  disposal  of  men  reporting  sick,  and  all  matters  of  medical 
interest  is  entered  ;  and  they  should  be  prepared  to  furnish  any  informa- 
tion connected  with  the  sanitary  and  medical  arrangement  of  their 
regiments  when  called  upon  to  do  so  by  the  P.  M.  0.  They  afford 
such  temporary  assistance  to  sick  and  wounded  as  may  be  required 
in  camp,  on  the  line  of  march,  and  in  action.  They  should  specially 
avoid  retaining  with  the  regiment  any  man  who  requires  hospital 
treatment,  or  who  is  really  unfit  for  duty --such  cases  must  be  sent 
to  the  field  ambulances.  All  temporary  sick  of  regiments  are  detained 
in  their  section  tents. 

Senior  medical  officer  of  brigades. — The  senior  medical  officer 
of  a  brigade  is  the  adviser  to  the  0.  C.  Brigade  in  all  matters  of 
a  medical  or  sanitary  character  requiring  prompt  attention,  and 
under  the  0.  C.  Brigade  he  is  empowered  to  issue  such  medical  and 
sanitary  instructions  as  may  be  deemed  necessary. 

Personnel  of  units  in  Japanese  Army. — In  .the  Japanese  Armv 
the  sanitation  of  a  regimental  camp  is  generally  attended  to  by  a 
battalion  committee  of  which  the  senior  medical  officer  is  president. 
The  other  members  are  officers  or  non-commissioned  officers  from 
each  of  the  companies.  These  committees,  aided  by  the  sanitary 
police  of  individual  regiments,  exercise  strict  supervision  over  all 
sanitary  conditions  likely  to  affect  the  health  of  the  men.  In  eao-h 
unit  the  medical  staff  is:  To  each  infantry  regiment  (o  b.ittalions), 
are  attached  6  medical  officers,  2  N.-(J.  0,'s  and  12  men  of  the  Army 
Medical  Corps,  and  48  bearers,  the  latter  wear  a  red  gauntlet  instead 
of  the  Geneva  cross  ;  to  each  cavalry  regiment  (3  squadronsi,  2  medical 
officers,  1  N.-C.  O.  and  1  man  of  the  Army  Medical  Corps ;  to  each 
artillery  regiment  (6  batteries),  3  medical  officers  and  3  men  of  the 
Army  Medical  Service.  Each  infantry  battalion  has  2  panniers  con- 
taining medical  and  surgical  material,  and  12  stretchers.  Two  pack 
horses  are  allotted  for  the  carriage  of  these  articles. 
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Field  ambulances  in  the  field—Field  ambulances  form  the  third 
me  of  merhoal  asRisUnoe  on  field  service,  and  are  intended  for  the 
treatment  oUhe  sick  and  vvonnded  of  the  force  to  which  the.v  are 
attached.  Ihey  are  equipped  for  100  beds,  divisible  into  4  sections' 
each  section  being  complete  in  itself.  Attached  to  each  field  ambulance 
are  4  medical  officers  (the  senior  of  whom  is  commanding  officer) 
8  assistant  surgeons  (British  field  ambulance)  or  8  hospital  assistants 
(Indian  held  ambulance). 

The  actual  number  of  field  ambulances  to  proceed  with  a  force  is 
fixed  by  the  P.M.  0.,  H.  M.  S  Forces,  India,  with  the  approval  of  the 
U-in-C.  1  bey  are  always  kept  in  readiness  for  mobilisation- their 
stores  being  constantly  used  and  renewed  so  that  the  stock  is  kept  fresh 
at  all  times. 

Field  ambulances  are  placed  in  rear  of  the  centre  of  the  force  to 
which  they  are  attached.  In  British  field  ambulances  are  treated  British 
officers,  warrant  officers,  N.-C.  O.'s  and  men  of  the  European  troops  ; 
and  in  Indian  field  ambulances  are  treated  Native  officers,  N.-C.  O.'s' 
men  and  followers. 

The  0.  C.  field  ambulance  sends  all  sick  and  wounded  to  the  field 
ambulances  on  the  lines  of  communication  under  instructions  from  the 
P.  M.  0.  Field  Force,  keeping  only  such  cases  as  will  be  fit  for  duty 
within  a  short  time,  or  those  who  might  suffer  by  removal. 

If  field  ambulances  become  stationary  ones,  the  latrine  arrange- 
ments require  the  special  attention  of  the  0.  C.  of  the  hospital,  other- 
wise they  are  almost  certain  to  become  endemic  foci  for  the  spread  of 
enteric  fever,  dysentery,  etc. 

In  stationary  field  ambulances  disinfectants  should  be  invariably 
used  for  the  latrines,  the  medical  officer  on  duty  for  the  day  should  be 
held  responsible  that  this  is  done  systematically  ;  and  some  arrangement 
should  be  made  to  incinerate  the  excreta  of  all  patients  suffering  from 
enteric  fever,  dysentery  and  cholera.  One  hfis  used  sliallow  iron 
pans  and  kerosine  oil  tins  for  this  purpose  on  more  than  one  occasion, 
where  more  suitable  arrangeinents  could  not  be  made. 

"  For  all  infectious  diseases  or  diseases  ordinarily  so  designated, 
separate  the  sick,  largely  increase  the  superficial  area  for  the  remainder, 
and  change  the  site;  this  will  be  specially  required  in  the  case  of 
cholera."'  One  has  repeatedly  brought  about  the  termination  of  epidemic 
infectious  disease,  and  e.ven  cholera,  by  such  complete  separation  of 
infected  from  healthy,  and  repeated  change  of  site  of  camps. 

Field  ambulances  on  lines  of  communication.— Field  ambulances 
on  the  lines  of  communication  are  equipped  identically  with  those  in  the 
field,  and  in  addition  to  temporarily  locating  sick  and  wounded  from 
the  front  serve  to  treat  the  sick  of  the  camp  they  are  in. 
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General  or  base  hospitals.- Although  here  referred  to  last  it  i8 
necessary  to  establish  general  hospitals  at  the  base  of  operations  before 
or  as  soon  after  mobilisation  of  the  foroe  as  possible.  "  Their  estal> 
lishment  is  the  first  step  to  attain  a  successful  field  medical  organisa- 
tion ;  this  is  accordingly  eflfected,  as  far  as  possible,  immediately  after 
mohi'lisation  is  ordered,  i.e.,  before  the  troops  concentrate.  In  the 
event  of  delay  in  their  arrival,  station,  regimental,  etc.,  hospitals  may 
be  used  as  temporary  substitutes."  (F.  S.  M  ,  M.,  i  908,  Sec.  1 1 ).  One  or 
more  may  have  to  be  opened  in  different  places.  For  the  Thibet 
Mission  there  was  one  at  Siliguri,  another  at  Lebong,  and  a  third  in 
Calcutta  ( Alipore)  ;  during  the  Tirah  Campaign  there  were  two  at  Kohat 
and  two  at  Kawalpindi.  To  these  the  sick  and  wounded  from  the  front 
and  lines  of  communication  gravitate.  The  field  ambulances  at  the 
front  and  in  the  lines  of  communication  and  the  base  general  hospitals, 
form  one  integral  whole,  each,  however,  capable  of  working  independ- 
ently. It  is  only  at  the  base  hospitals  that  complete  arrangements 
for  the  dieting,  clothing,  nursing,  general  and  special  care  of  the  sick 
and  wounded  can  be  expected. 

General  hospitals  form  the  seventh  line  of  medical  assistance  on 
field  service,  and  are  for  sick  and  wounded  officers,  soldiers,  and 
followers  detached  from  the  army  at  the  front  and  on  the  lines  of 
communication.  They  are  opened  under  such  circumstances  and  at  such 
places  (base,  lines  of  communication  or  other  suitable  localities)  as  may 
be  deemed  necessary.  They  are  administered  and  worked  generally 
as  station  hospitals.  The  number  of  beds  for  which  each  general  hos- 
pital is  equipped  will,  with  the  approval  of  the  Commander-in-Cliief 
in  India,  be  decided  by  the  P.  M.  0.,  H.  M.  F.  in  India.  British 
European  warrant  officers,  rank  and  file  are  admitte(i  into  British 
general  hospitals;  Native  officers,  rank  and  file  and  followers  into 
Native  general  hospitals.  In  both  also,  European  and  Native  officers 
and  warrant  officers  receive  separate  accommodation. 

Each  general  hospital  is  a  500  bed  unit  capable  of  division  into 
five  complete  sections  of  100  beds.  Forty  beds  for  British  officers  are 
included  in  a  British  general  hospital. 

The  P.  M.O.  of  a  base  or  general  hospital  is  under  the  officer 
commanding  the  base,  and  the  P.  M.  ().  lines  of  communication. 
The  size  of  general  hospitals  is  dejermined  by  the  probable  number 
of  sick  and  wounded  expected  There  will  be  one  medical  officer  of 
lieutenant- colonel's  rank  with  each  general  hospital  of  500  beds,  and 
with  British  base  hospitals  lie  will  have  under  him  nineteen,  and  in 
Indian  base  hospitals,  eleven  executive  medical  officers,  one  of  whoin 
in  each  case  will  act  as  registrar  (combining  the  duties  of  secretary  and 
statistical  officer). 

Buildings  are  utilised  for  general  hospitals  wherever  practicable 
otherwise  the  Ordnance  Department  supply  the  regulation  number  of 
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tents  When  tents  are  nse.l  a  hospital  fh^  is  hoisted  to  locate  th. 
hospital.  Ihis  ,s  also  desirable  even  wliere  villages  or  permanent 
huildino-s  are  nsed  as  general  hospitals. 

The  hygienic  rules  regarding  selection  of  sites,  water-supply, 
nat^ure  of  the  soil,  drainage  of  ground,  etc.,  required  regarding  camps 
and  billets,  will,  of  course,  be  observed  in  the  case  of  general  hospitals, 
unless  orders  to  the  contrary  are  issued.  Depots  for  Eritisli  and  Native 
troops  are  formed  in  the  neighbourhood  of  general  hospitals  for  receiving 
men  discharged  from  the  hospitals,  and  to  provide  necessaries  for  those 
in  the  hospitals. 

The  medical  officer  in  charge  will,  in  the  absence  of  a  district 
P.  M.  0.,  exercise  all  the  powers  usually  vested  in.the  latter  regarding 
provision  of  supplies,  equipment,  etc.,  but  when  the  general  hospital 
is  within  the  jurisdiction  of  a  district  P.  M.  0.,  the  medical  officer 
in  charge  will  be  under  his  orders.  He  will  superintend  the  treatment 
of  the  sick  and  wounded,  and  will  detail  such  duties  to  the  medical 
officers,  subordinates  and  establistiment  at  his  disposal,  as  he  may 
deem  necessary. 

Medical  organisation  of  the  Japanese  Army.— It  will  be  interesfj- 
ing  here  to  note  briefly  in  what  respects  the  medical  organisation  of 
the  Japanese  Army  differs  from  our  own. 

The  Director-General  of  the  Army  Medical  Service  is  under  the 
Minister  of  War  and  is  responsible  for  expenditure  on  medical  services, 
preparation  of  estimates  and  general  efficiency  of  medical  services. 
His  office  is  divided  into  two  branches,  each  under  a  colonel ;  one 
braTach  deals  with  question  of  personnel,  hygiene,  statistics,  professional 
and  scientific  subjects,  and  voluntary  medical  aid ;  the  other  with 
medical  and  surgical  supplies,  hospitals,  transport  of  sick  and  wounded, 
mobilisation,  etc.,  four  officers  of  the  medical  service  are  attached  as 
extra  staff  during  war,  usually  from  the  staff  of  the  Army  Medical 
School,  which  is  closed- 

The  administration  of  the  medical  service  of  the  military  districts 
(there  are  12  such  districts  based  on  a  territorial  system)  throughout 
Japan  is  carried  out  by  principal  medical  officers  of  divisions,  who 
are  on  the  divisional  staff.  The  P.  M.  0  of  divisions  are  usually  colonels, 
but  there  are  a  certain  number  of  surgeons-general,  one  surgeon-gene- 
ral being  posted  as  P.  M.  O.  to  each  of  at  least  three  territorial 
divisions  In  war  the  P.  M.  0.  of  a  division  is  also  a  colonel,  but  the 
appointment  may  be  held  by  a  lieutenant-colonel.  On  mobilisation  to 
form  an  Army  in  the  field  a  P.  M.  (>.  is  appointed  afi  P.  M.  0.  of  the 
Army.  He  is  a  surgeon-general  ranking  with  major-general.  In 
the  late  war  there  were  four  or  five  surgeons-general  in  the  field  as 
P.  M.  O.'s  of  the  several  armies. 
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The  administration  of  the  medical  service  on  a  line  of  com- 
munication is  carried  out  by  a  colonel  who  is  on  the  staff  of  the 
Inspector-General  of  the  line  of  communication.  Rach  l^ield  Army 
has  its  own  line  of  communication,  and  there  is  one  P.  M.  ().  line  ot 
communication  for  each  Field  Army.  As  the  lines  of  communication 
of  Field  Armies  might  at  times  converge  into  one  line,  there  would 
be  an  additional  P.  M.  U.  for  that  line,  but  such  a  line  would  usually 
come  into  the  command  of  a  garrison  of  occupation  and  no  longer  form 
a  portion  of  the  Field  Army. 

In  addition  to  the  administrative  control  of  the  medical  service 
in  the  field  as  represented  by  the  P.  M,  O.'s  of  armies,  divisions  and 
lines  of  communication,  a  P.  M  0.  of  the  Field  Forces  is  appointed  as 
head  of  all  the  field  medical  organisation-  He  has  authority  over 
P.  M.  O's  of  Field  Armies  as  regards  professional  duties,  and  !iis  place 
is  on  the  General  Staff  at  Tokio.  The  appointment  of  P.  M.  O.  Field 
Forces  does  not,  of  course,  exist  in  time  of  peace,  and  is  usually  taken 
up  on  the  outbreak  of  war  by  the  Director-General  of  the  Army 
Medical  Service,  for  the  time  being  another  officer  taking  his  place.  In 
the  late  war  he  paid  visits  to  Manchuria,  in  some  cases  for  long  periods. 
His  duties,  besides  those  of  general  supervision  of  the  work  of  the  medi- 
cal services  in  the  field,  dealt  with  the  medical  details  of  the  lines  of 
communication  in  the  Japan  territory,  and  the  distribution  of  sick 
and  wounded  returning  from  the  front.  All  P.  M.  O.'s  have  two 
officers  on  their  staff  as  Secretaries  or  Assistants.  This  applies  to 
Divisional  P.  M.  O.'s  as  well  as  to  P.  M.  ()s.  of  Armies.  They  have  also 
a  staff  of  clerks,  who  usually  consist  of  three  N.  C.  O.'s  of  the  medical 
service.  The  staff  of  a  P.  M.  0.  is,  however,  somewhat  elastic,  and 
he  can  add  to  it  under  special  circumstances. 

The  S.  M.  0.  of  regiments  would  in  case  of  necessity  act  as  P.  ISI.  O. 
of  the  brigade  to  which  his  regiment  is  attached. 

In  the  late  war  there  was  no  P.  M.  0.  on  the  Staff  of  the  Com- 
mander-in-Chief in  the  field.  The  administration  and  advisory  duties 
of  such  an  officer  were  performed  by  the  Director-General  Army  Medical 
Service,  acting  as  P.  M,  0.  Field  Forces,  who  worked  with  the  General 
Staff  in  Tokio  and  visited  the  field  occasionally. 

When  a  division  is  mobilised  and  joins  the  Field  Army,  the  whole 
of  the  peace  staff  is  mobilized  at  tlie  same  time,  and  accompanies  it 
into  the  field.  Their  place  is  taken  by  general  and  other  officers  of  the 
service  who  are  as  a  rule  officers  of  the  district  on  the  retired  list.  In 
this  way  the  Medical  Service  of  the  Depot  Division,  as  it  is  called,  is 
administered  during  the  war  by  a  medical  officer  retired  from  the 
Army  with  the  rank  of  Surgeon-General  or  Surgeon-('olouel. 

The  medical  charge  of  tlie  Head-quarters  Staff  of  Armies  and 
divisions  is  held  by  one  or  other  of  tlie  Secretaries  (or  Assistants)  of 
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the  1  M.  0.  feometiuies  the  work  is  sluucd,  the  R  M.  0  havina  full 
power  to  assign  to  his  assistants  sucli  duties  as  he  considers  lib  A 
special  medical  ofiicer  has  medical  charge  of  the  Cornmauder-in-Chief 
and  his  staff.  _  ihis  medical  officer  lias  charge  of  the  escort  and 
iollowers  ot  their  respective  Head-quarters,  and  performs  the  duties 
ot  sanitary  officer  for  the  locality  in  which  the  Head-quarters  are 
situated.  I  he  duties  of  medical  charge  of  brigade  head-quarters 
stall  are  done  by  the  nearest  unit  medical  officer. 

The  medical  charge  of  regimental  units  is  held  by  a  medical 
officer  of  rank  below  that  of  field  officer.  Each  battalion  of  infantry 
has  2  medical  officers;  a  regiment  of  artillery  with  3  battalions 
has  6  medical  officers  ;  a  regiment  of  cavalry  consisting  of  2  squadrons, 
2  medical  officers  ;  a  battalion  of  engineers,  including  telegraph  com- 
pany, 3  medical  officers,  and  so  on.  A  battalion  of  the  train  transport 
has  3  medical  officers  ;  an  ammunition  column  5,  thus  allowing  for  one 
medical  officer  to  sections  of  companies  of  these  units.  Alfmedical 
officers  of  units  are  mounted. 

There  is  a  staff  of  N.-C.  O.'s,  1  to  each  company,  plus  one  senior 
N.-C.  0.  who  acts  as  chief  assistant  to  the  medical  officer  in  the 
preparation  of  returns,  care  of  medical  and  surgical  equipment,  etc. 
Each  N.-C.  0.  carries  a  field  medical  companion  or  surgical  havert^ack 
which  has  a  compartment  for  splints,  and  also  an  Esmarch's  elastic 
tube  tourniquet  which  is  carried  round  the  waist. 

Tl)e  medical  officers  with  units  form  regimental  sick-rooms  in 
encampments  or  cantonments,  and  relief  or  aid  stations,  temporary 
regimental  or  battalion  stations,  during  an  action.  They  have  sanitary 
charge  of  the  locality  where  their  unit  is  stationed,  including  villages 
in  the  vicinity  which  are  not  occupied  by  other  units.  'J'he  equipment 
consists  of  four  medical  panniers,  two  of  which  go  with  the  first  Hue 
and  two  with  the  second  line  of  regimental  transport. 

The  medical  officers  of  infantry  battalions  only  have  a  staff  of 
regimental  stretcher-bearers.  Each  company  is  obliged  to  have  four 
men  trained  in  first  aid  to  the  wounded,  and  in  the  carriage  of  wounded 
by  stretchers  or  by  improvised  means.  These  form  the  regimental 
stretcher-bearers — they  are  called  assistant  stretcher-bearers  to  differen- 
tiate them  from  the  stretcher-bearers  of  the  divisional  bearer  battalion. 
During  an  action  they  are  placed  under  the  medical  officer  of  the  unit, 
and  on  the  line  of  march  in  the  rear  of  the  battalion,  carrying  their 
rifles.  There  are  thus  16  per  battalion  —  a  unit  has  only  4  companies 
— one  stretcher  to  4  bearers  which  make  a  squad.  Their  duties  are  as 
in  our  Army.  They  are  usually  accompanied  wlien  at  work  by  the 
company  medical  N.-C.  0.  The  battalion  medical  officers  seldom  go 
beyond  their  own  dressing  station,  although  they  would  proceed  into 
the  fighting  ranks  if  ordered  to  go  there  in  connection  with  any  special 
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Field  7yiedical  units  of  Japanese  Army.— The  medical  units  in 
the  field  are  as  follows,  arranged  in  order  from  front  to  base :  — 

1.  Bearer  Battalions. 

2.  Field    Hospitals    (Cantonment  Hospitals,    Rest  Stations, 

Infectious  Diseases  Hospital). 

3.  Reserve  Medical  Personnel  (Stationary  Field  Hospitals,  Rest 

Stations,  Infectious  Diseases  Hospital). 

4.  Sick  and  Wounded  Transport  units  (Rest  Stations). 

5.  Medical  and  Surgical  Reserve  Depots. 

6.  Line  of   Communication    Hospitals    (Infectious  Diseases 

Hospitals). 

7.  Hospital  Trains. 

8.  Hospital  Ships. 

9.  Military  Quarantine  Stations. 

10.  Reserve  Hospitals  (Infectious  Diseases  Hospitals). 

11.  Fortress  Hospitals  (Infectious  Diseases  Hospitals). 

For  our  present  purpose  it  is  only  necessary  to  deal  with  a  few  of 
these. 

Field  hospitals  are  divisional  units.  There  are  6  field  hospitals 
with  each  division,  but  during  the  recent  war  no  division  had  more 
than  4,  and  some  only  3  or  2.  Field  hospitals  may  be  opened  during 
an  action,  after  an  action,  or  during  inactivity.  Its  equipment  and  per- 
sonnel is  in  two  halves  exactly  similar.  These  are  only  opened  as 
required.  The  field  hospital  is  organised  and  officered  for  the  treat- 
ment of  200  sick  and  wounded  at  one  time  and  reserve  rations  both  for 
the  personnel  and  patients  are  carried  with  it.  The  S.  M.  0.,  who  is 
commanding  officer,  is  a  major  and  has  under  him  5  medical'  officers 
(captains  or  subalterns),  1  apothecary,  1  intendauce  officer  or  warrant 
officer,  and  1  N -C.  0.  of  the  train  or  transport  battalion.  A  field  hos- 
pital contains  no  transport  material  for  sick  and  wounded  beyond  a 
few  stretchers.  The  number  of  panniers  with  medical  and  surgical 
equipment  is  12,  two  sets  of  6  panniers  identically  equipped.  There  are 
also  8  packages  containing  bedding  and  clothing  for  patients,  the  latter 
consistingof  a  Japanese  bed-gown  and  waist-belt.  Tents  maybe  carried' 
but  the  number  depends  on  circumstances.  In  Manchuria  4  tents  only 
per  hospital  were  carried,  chiefly  as  offices,  reception  and  operation- 
rooms.  The  village  houses  supplied  the  necessary  ward  accommoda- 
tion. The  field  hospital  establishment  has  no  concern  with  the  actual 
carrying  of  the  sick  and  wounded. 

In  opening  a  field  hospital  during  an  action  a  site  is  chosen  as 
near  the  divisional  dressing  station  as  possible,  one  that  is  out  of  ran^e 
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of  fire,  easily  reached,  and  with  facilities  for  the  transport  of  wounded. 
Koad  indicators  are  put  up  if  the  site  is  concealed,  or  if  the  way  is 
likely  to  be  missed. 

The  Japanese  work  their  field  hospitals  indistinct  departments- 
administrative,  admission  and  discharge,  kee^iing  statistical  records, 
arms,  accoutrements,  money,  valuables,  etc  ,  wards,  operation-room, 
apothecary's  department  (for  packing,  unpacking  and  issue  of  medical 
and  surgical  material),  kitchen,  ablution  department,  mortuary,  disinfec- 
tion department,  stables  and  wagon-park.  The  wards  are  subdivided 
according  to  the  nature  of  the  diseases  and  wounds. 

The  field  hospitals  are  very  mobile  units  and  advance  and  retire 
with  their  divisions.  The  organisation  of  the  various  departments 
therefore  is  such  that  each  has  its  own  fixed  personnel  and  there  is  no 
overlapping  of  work  or  confusion. 

When  a  division  is  on  the  march  and  there  is  an  accumulation  of 
sick  and  foot-sore  patients  unable  to  march  with  the  troops,  a  section 
of  a  field  hospital  may  be  ordered  to  oi)en  temporarily  and  form  "  Kest 
Stations"  for  these  cases,  taking  care  of  them  until  they  are  sent  back 
to  a  stationary  field  hospital  or  line  of  communication  hospital. 

"When  a  division  is  cantoned  during  a  period  of  inactivity,  one  or 
more  field  hospitals  may  be  opened  as  a  cantonment  hospital  for  the 
division.  They  are  then  called  cantonment  hospitals,  and  named 
after  the  place  (village  or  town)  they  are  in.  Any  suitable  buildings  in 
the  neighbourhood  may  be  used  for  these  hospitals,  and  placards  posted 
to  direct  to  them.  Such  hospitals  continue  the  treatment  of  cases 
likely  to  be  soon  fit  to  return  to  the  front.  If  cases  are  not  likely  to 
recover  quickly  they  are  sent  back  as  soon  as  possible  to  the  lines  of 
communication  hospitals. 

When  a  division  moves  on,  the  cantonment  hospital  remains 
behind  until  its  patients  have  all  been  sent  back  or  handed  over  to  a 
relieving  reserve  medical  personnel,  when  it  will  rejoin  its  division — 
the  move  of  the  division  is  usually  anticipated  and  the  hospital 
prepared  to  advance  with  it. 

Military  quarantine  stations — Military  quarantine  stations  were 
formed  in  connection  with  the  ports  of  disembarkation  for  troops  and 
others  returning  from  the  field.  There  were  such  stations  at  Moji, 
TJiina,  Kobe,  and  all  the  troops  and  others  arriving  there  had  to  pass 
through  the  disinfecting  establishments  of  these  stations  previous  to 
landing  in  Japan.  A  military  quarantine  station  consists  of  a  set  of 
huts  for  the  accommodation  of  troops  in  quarantine,  a  quarantine 
hospital,  and  a  disinfecting  establishment.    This  last  is  elaborately 
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organised  in  the  most  minute  detail  for  cleansing  the  men  by  means 
of° hot  water  body  baths,  and  for  disinfecting  clothing,  equipment, 
valuables,  accoutrements,  etc,  by  steam  or  formalin.  The  largest  was 
near  Ujina,  the  port  of  Hiroshima.  It  had  two  sections  with  accommoda- 
tion for  6,000  troops  each,  disinfecting  establishments  capable  of  deal- 
ing with  8,000  men  and  their  kits  daily,  and  a  quarantine  hosi-)ital 
for'  1,000  patients.  This  hospital  had  isolation  and  convalescent 
wards,  and  wards  for  acute  cases.  The  diseases  for  which  quarantine 
was  required  were— plague  (10  days),  cholera  (5  days),  yellow  fever 
(5  days). 

The  quarantine  stations  had  a  large  staff  of  medical  officers  and 
one  for  inspecting  troops  as  they  arrived,  and  for  disinfecting  them  if 
necessary.  Transports  with  scarlet  fever,  diphtheria,  typhus  fever  and 
measles  were  also  disinfected  by  the  disinfecting  staff  from  the  quaran- 
tine stations,  and  the  cases  placed  in  the  quarantine  hospital. 

As  a  rule,  cases  of  dysentery  and  enteric  fever,  although  regarded 
as  infectious  diseases  and  isolated,  are  taken  to  the  infectious  diseases 
section  of  the  reserve  hospitals  and  not  to  the  quarantine  hospitals,  and 
the  transports  containing  such  cases  were  disinfected  by  the  port  authori- 
ties A  military  quarantine  station  is  under  the  command  or  a 
retired  gendarmerie;  the  disinfecting  establishment  under  a  senior 
medical  officer;  and  the  quarantine  hospital  under  another  senior 
medical  officer.  The  establishments  consist  of  recruits  or  other  reserves 
for  general  work  in  the  disinfecting  establishment,  and  of  Army  Medical 
Service  reserves  or  civil  sick  attendants  in  the  quarantine  hospitals. 

Reserve  hospitals. — All  the  sick  and  wounded  that  were  sent 
back  to  Japan  from  the  field,  and  the  sick  of  local  troops  belonging  to 
the  depot  divisions,  were  admitted  into  and  treated  in  hospitals 
called  reserve  hospitals.  These  institutions  are  simply  the  peace 
general  hospitals  at  the  Head-quarters  of  each  division,  but  such 
hospitals  have  been  constructed  as  a  rule  for  about  400  to  600  beds 
only,  and  in  time  of  war  they  are  greatly  enlarged.  During  the  war 
some  of  these  were  expanded  to  contain  from  10,000  to  15,000  patients. 
Sites  were  chosen  in  the  vicinity  and  tents  erected,  each  new  site 
forming  a  section  of  the  reserve  hospitals.  Such  large  hospitals  were 
in  Hiroshima,  Tokio,  Osaka,  etc.  One  of  them  is  under  a  lieutenant- 
colonel,  with  one  medical  officer  to  every  50  beds.  These  hospitals  are 
equipped  for  every  form  of  medical  and  surgical  treatment.  They 
have  large  and  elaborately  constructed  operating  rooms,  bandaging 
rooms,  kitchens,  baths,  photographic  rooms,  Kontgen-ray  equipment^ 
electric  apparatus,  laboratories  for  chemical  analysis  and  bacteriological 
work,  apothecary's  department  for  the  preparation  of  various  dru^^s 
from  the  crude  material.    The  sick  and  wounded  from  the  front  were 

sent  to  the  reserve  hospital  of  the  territorial  division  to  which  thev 
belong. 
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Infectious  diseases  hospitals.— Hospitals  for  the  treutmei.t  of 
mtectious  diseases,  in  which  dysentery  and  enteric  fever  are  included 
were  formed  on  the  area  where  the  disease  broke  out.  They  are  not 
separate  units,  organised  as  infectious  hospitals,  but  one  or  more  field 
hospitals  or  sections  of  such  hospitals  may  be  opened  to  form  an  infec- 
tious disease  hospital.  The  object  of  the  organisation  of  Japanese 
Army  IS  to  avoid  moving  infectious  disease  cases  down  the  lines  of 
communication,  or  to  Japan,  but  to  isolate  them  on  the  spot  where  the 
disease  has  been  contracted.  The  infectious  disease  hospitals,  therefore, 
form  practically  sections  of  their  cantonment  hoi¥pitalor  of  line  of  com- 
munication and  stationary  field  hospitals.  They  are  not  provided 
with  any  special  apparatus  for  disinfection,  but  infectious  material  is 
burnt  or  treated  with  chemicals. 

Evacuation  of  sick  and  wounded  to  base — The  Japanese  organi- 
sation for  evacuation  of  the  sick  and  wounded  is  very  complete  and 
carried  out  by  the  units  organised  for  that  purpose. 

These  units  are  from  front  to  base  : — 

1.  The  regimental  or  assistant  stretcher-bearers. 

2.  The  corps  of  divisional  bearer  battalions. 

3.  The  sick  and  wounded  transport  department  units. 

4.  Ordinary  and  hospital  bearers. 

5.  Hospital  stretchers. 


Rest  and  refreshment  stations  are  provided  along  the  whole  line 
of  evacuation. 


APPENDIX. 


STATISTICS  OF  DISEASE,  WOUNDS,  ETC.,  IN  INDIAN 
FRONTIER  CAMPAIGM3. 

Black  Mountain  Expedition,  1888.— The  Black  Mountain  Expedi- 
tion of  1888  was  a  particularly  healthy  one  as  regards  disease.  In  it 
2  British  officers  died  of  wounds,  and  3  others  were  wounded.  Three 
died  of  disease. 

British  and  Native  Troops :  18  hiUed,  5  died  oi  Vfomnda,  42  were 
wounded  and  only  7  died  from  diseases.  Followers  :  2  killed,  5  wounded, 
and  1  died  of  disease, 

Ohin-Lushai.— -In  the  Chittagong  column  of  the  Chin-Lushai 
Expedition  of  1889-90  "  fever  and  dysentery  were  the  most  prevalent 
diseases.  A  large  number  of  men  also  suffered  from  sores  in  the  feet  and 
legs,  caused  by  wounds  received  from  broken  bamboos  when  marching 
through  the  jungle.  These  bamboos  appeared  to  be  most  poisonous,  and 
to  lead  to  chronic  ulcers  and  buboes  in  the  groins," 

Miranzai,  1891. — Miranzai  Expedition,  1891,  from  18th  January 
to  25th  February. 


No  European  Troops  took  part  in  the  Campaiyn, 


Strength  of  Force. 

Dysentery. 

Ague. 

Bronchitis. 

Pneumoma 

Injuries. 

Frcst-bite. 

Total  adms. 

Deaths. 

Bemabks. 

Troops        4,899  ... 
Followers   2,345  ... 

48 
26 

59 
18 

41 
19 
60 

43 
12 

28 
25 

25 
8 

244 
108 

5 
1 

There  was 
no  fighting 
in  this  Ex- 
pedition. 

Grand  Total  7,241 ... 

74 

77 

55 

53 

33 

352 

6 

The  absence  of  diarrhoea  (3  cases  in  7,244)  is  remarkable  and  waa 
due  to  the  excellent  water  obtained  throughout.  The  expedition  was 
of  short  duration  and  carried  out  under  favourable  conditions,  yet 
it  must  be  considered  as  successful  from  the  few  admissions  and  low 
death-rate,  etc. 


ChitralRelief  Force,  1904.— In  the  Chitral  Relief  Force  there 
were  1  British  Officer  and  16  Non-Commissioned  Officers  and  men 
(including  British  and  Native)  killed  in  action ;  12  British  Officers  and 
69  W  arrant  Officers,  Non-Commissioned  Officers,  and  men  wounded 
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wPrpTarv  '^'tk  •  '^Y-  disease  amongst  British  troops 

were  1,467.  1  heir  chief  admissions  for  disease  were  :  -Malarial  Fevers 
1,101,  Dysentery  565,  Diarrha3a  273,  Enteric  Fever  326,  Venereal 
diseases  288.  Amongst  the  Native  troops  there  were  3,1 1 9  admissions 
irom  disease  of  an  average  strength  of  4,581.  The  chief  diseases 
Fevers  1,025,  Dysentery  607,  Diarrhoea  193,  Debility 
182,  Rheumatism  48. 

Amongst  followers  the  total  admissions  were  3,587  on  a  strength 
of  7,118,  the  chief  diseases  being  the  same  as  in  the  Native  troops. 

Malakand  Expedition,  1897.— During  the  Malakand  Expedition 
m  August  and  September  1897,  there  were  830  European,  and  1,129 
Native  soldiers  admitted  into  hospital.  The  chief  causes  of  admission 
into  hospital  were  : — 

European  Troops. 

Malarial  Fevers 

"  ■  •  •  •  •  ■ 

Dysentery  and  Diarrhoea 
Other  diseases 
Wounded  in  action 


440  cases. 
40  „ 
300  „ 
20  .. 


Native  Troops. 


Malarial  Fevers 
Dysentery  and  Diarrhoea 
Other  diseases 
Wounded  in  action 


300  cases. 
362 
321 
146 


5) 
J? 
)' 


In  the  continuation  of  the  same  expedition  from  September  to 
December,  there  were  2,246  European  and  2,557  Native  troops 
admitted  into  hospital. 

The  chief  admissions  were  as  follows: — 


European  Troops. 


Malarial  Fevers 
Dysentery 
Enteric  Fever 
Other  diseases 
Gunshot  wounds 


1,351  cases. 


100 
37 

708 
50 


5> 


Malarial  Fevers 
Dysentery 
Other  diseases 
Gunshot  wounds 


Native  Troops. 


775  cases. 
552 
902 
328 


Malarial  fevers  and  dysentery  were  the  chief  causes  of  admission 
amongst  the  followers. 
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rilEVENTION  OF  DISEASE. 


Tirah  Campaign,  1897-98.— In  the  Tirah  Campaign  of  1897-98  the 
number  ot  admission  and  deaths  among  followers  was  very  much 
numerous  than  among  troops. 


more 


Admissions  per  1,000 
of  strength. 

Deaths  per  1,000  of 
strength. 

Troops  ... 

595-3 

13-7 

Followers 

607-7 

66-0 

This  high  mortality  amongst  followers  was  chiefly  due  to  pneu- 
monia.   There  were  276  admissions  from  this,  with  129  deaths. 

Dysentery   accounted  for  the   highest  number  of  admissions 

amongst  the  followers— 1,950  with  311  deaths.  Next  comes  ague,  1,539 

cases  with  30  deaths ;  then  bronchitis,  576  with  76  deaths ;  then 
diarrhoea,  393  with  84  deaths. 

Thibet  Mission.  1904.— The  greater  portion  of  the  sickness  and 
deaths  was  attributable  to  the  climate.  The  total  number  of  deaths 
and  men  invalided  up  to  September  30th,  1904,  excluding  war  casual- 
ties, were  411  and  671  respectively,  and  of  these  202  and  405  were 
due  to  climatic  conditions. 


British 
Troops. 

Native 
Troops. 

Followers. 

Total. 

Total  deaths  excludiug  war  casualties 

4 

102 

305 

411 

Deaths  due  to  climate 

4 

60 

138 

202 

Invaliding,  exclusive  of  war  casualties 

44 

192 

435 

671 

Invaliding  due  to  climate 

29 

149 

227 

405 

There  was  only  one  case  of  scurvy  notwithstanding  the  frequent 
absence  of  fresh  vegetables,  the  large  ration  of  fresh  meat  having 
doubtless  contributed  to  this  happy  result. 

Amongst  the  British  troops  the  principal  diseases  were — diarrhoea, 
bronchitis  rheumatism,  remittent  and  enteric  fevers.  The  causes  of 
these  diseases  were  respectively  indigestible  and  insufficiently  cooked 
food,  cold  and  chill,  inalaria  and  heat  of  sun.  The  source  of  the  enteric 
infection  was  not  traceable. 
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The  Native  troops  suffered  most  severely  from  intermittent  fever. 
After  this  came  bronchitis  and  pneumonia,  then  dysentery,  diarrhrea, 
rheumatism  and  frost-bite.  Snow-blindness,  owing  to  the  general  use 
of  neutral-tint  glasses,  was  very  rare  and  mild  until  the  return  march, 
when,  snow-bound  at  Phari  in  October,  about  200  cases  occurred. 
Some  cholera  cases  occurred  iu  the  Lower  Tista  Valley.  The  initial 
cause  of  the  ague  was  doubtless  infection  brought  from  India  as 
the  disease  occurred  chiefly  about  at  2,000  feet  above  sea  level  after 
a  chill,  though  in  many  cases  it  may  have  been  contracted  in  passing 
through  the  malarial  Terai,  and  lower  gorges  of  the  rivers. 

Diarrhoea  and  dysentery  were  largely  due  to  the  difficulty  of 
cooking  food,  owing  to  the  low  boiling  point  by  the  lessened  atmospheric 
pressure  at  high  altitudes,  the  scarcity  of  fuel,  and  the  excessive  cold; 
bronchitis  and  ague  were  due  chiefly  to  exposure  to  the  cold  and  the 
high  altitude.  They  were  especially  common  in  Phari  in  the  winter 
months,  where  the  barracks  were  badly  ventilated  and  filthy,  whilst  the 
acrid  smoke  of  the  argol  fires  irritated  the  respiratory  passages. 
Frost-bite  was  common  after  the  first  heavy  falls  of  snow,  and  was 
aggravated  by  the  men  placing  their  feet  too  close  to  the  fires. 

Followers  suffered  chiefly  from  ague,  diarrhoea  and  dysentery, 
bronchitis,  and  pneumonia,  from  the  same  causes  as  the  combatants. 
Many  had  also  a  good  deal  of  debility,  apparently  from  impoverished 
blood  and  continued  work  at  high  altitudes.  It  was  observed  that  in 
the  case  of  the  40th  Pathans  and  l!)th  Panjabis,  the  chest  underwent 
some  ex|)ansion  under  the  influence  of  high  altitudes. 

There  were  161  killed  in  action  and  wounded.  There  was  great 
variety  in  the  wounds,  as  the  Tibetans  were  armed  with  weapons  of 
from  the  oldest  pattern  to  the  most  modern.  Sword  wounds  were 
numerous,  and  healed  with  wonderful  rapidity.  Contusion  from  stones 
were  not  uncommon.  The  Lhasa-tnade  Martini  pattern  rifles  (  ooO 
bore)  invariably  inflicted  severe  wounds,  the  efifects  being  like  those 
of  an  explosive  bullet.  Matchlock  wounds  generally  became  septic, 
especially  wlien  the  bullet  lodged,  and  particularly  when  they  were 
wrapped  in  diriiy  cloth  or  tin,  to  make  them  fit  the  bore.  The  wounds 
caused  by  the  balls  of  the  large  jinjals  in  Gyantse,  vavying  from  4  oz. 
to  nearly  4  lbs.  in  weight,  caused  terrible  wounds  which  were  eenerallv 
vapidly  fatal.*  ^ 

Medical  statistics  in  Japanese  Army  during  the  late  war.— Sur- 
geon Lieut.-General  U.  Koikr,  Director-Genenil,  Japanese  Army 
Medical  Service,  states  that  during  the  21  months  that  intervened 
between  the  declaration  of  war  and  the  restoration  of  peace,  twentv 
battles,  large  and  small,  were  fought,  causing  220,812  casualties,  o"f 

I  M  R^T^'  ''/(\\^f'^'¥<'<^^  fJ'story  of  the  Tibet  Mission,  1904,  by  Lt,  -Col.  E  wln^^ 
I.M.8.,  Principal  Medical  Offioer  with  the  Force.  ii-.  nADDBLL, 
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Which  the  details  are  as  follows  :-Killed-47 ,'687 ,  including  19  medical 
otiicers  Wounded~\7S,425,  including  104  medical  officers  ;  and  450 
rank  and  fale  of  the  Bearer  Corps  were  killed  and  wounded. 

The  total  number  of  sick  admitted  to  hospitals  amounted  to  236,223, 
or  that  number  27,158  were  infectious  diseases.  In  addition  to 
me  loregomg  there  were  97,850  sick  admitted  to  hospital  from  mobilised 
units  in  Japan  and  in  Formosa,  the  grand  total  of  killed,  wounded, 
and  sick,  therefore,  amounted  to  554,885.  If  the  77,803  sick  and 
wounded  Russian  prisoners  treated  in  the  Japanese  hospitals  are  added, 
the  total  number  reaches  632,688.  In  the  treatment  of  the  above 
there  were  employed,  4,517  Army  Medical  Officers.  Of  this  number 
A829  were  called  out  after  the  outbreak  of  the  war.  There  were  639 
Army  Pharmacists  (Officers),  including  the  Principal  Pharmacist  of 
the  Forces  ;  487  of  these  were  called  out  during  the  war. 

Men  employed— There  were  7,322  chief  nurses,  4,144  assistant 
nurses,  21,797  attendants  ;  334  men  were  employed  in  the  care  of  the 
medical  and  surgical  instruments.  There  were  also  5,479  members  of 
the  Japanese  Red  Cross  Society  employed,  including  373  doctors, 
175  pharmacists,  the  remainder  perfectly  trained  male  and  female 
noirses. 

Medical  and  surgical  material. — *'  Never  once  during  the  whole 
war  did  we  experience  a  shortage  of  material.  On  the  contrary  we 
had  always  an  abundance  in  all  the  Armies,  and  all  the  materials  used 
were  from  the  Army  Medical  and  Surgical  Supply  Depot.  Nearly  3,000 
packets  of  these  materials  were  used,  costing  about  £710,000.  The 
♦  Invasion  of  Russia  Pills  '—creosote  pills  for  preventing  internal 
diseases— were  manufactured  in  Tokio,  and  the  dressings  and  bandages 
made  by  the  members  of  the  Ladies'  Benevolent  Society  and  other 
Societies." 

Transport  of  sick  and  wounded.— The  most  severe  task  of  the 
Medical  Service  was  the  transport  of  the  sick  and  wounded  to  the  rear. 
Fortunately  they  were  able  to  use  the  railway  line  which  the  Russian 
Army  had  left  untouched*  The  details  are  both  interesting  and  highly 
instructive,  but  do  not  enter  the  province  of  preventive  measures  to 
which  we  limited  ourselves. 

Treatment  of  Japanese  sick  and  wounded.— The  percentage  to 
recoveries  of  all  sick  and  wounded  admitted  into  hospitals  from  all 
units  at  the  seat  of  war,  in  Japan,  and  in  Formosa,  was  63'28,  while 
the  deaths  were  7-49  per  cent.  The  percentage  of  recoveries  of  all 
sick  and  wounded  of  the  troops  at  the  seat  of  war  was  7158,  and  of 
deaths  6-83. 


*  One  is  indebted  to  the  Journal  of  the  Royal  Army  Medical  Corps,  December 
1906,  p. 624,  ct  sefj,  foTthis  information. 
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Comparing  these  percentages  with  those  in  the  time  of  peace  at 

the  end  of  1903,  the  following  statements  are  given  : — 

Peace,  Time  War  Time. 

Recoveries  ...  ...  75  05  per  cent.  63-23  per  cent. 

Deatlis        ...  ...  .  lis       „  7-49 

Eecoveries  ...  ...  71'58  ,, 

Deaths       ...  ...  683  „ 

A  profoundly  interesting  table  follows,  comparing  the  above 
statistics  with  those  of  the  Chino- Japan  War. 


Of  .all  the  units  in  1  t,  •  Kn.ni  „  t  />q  oo 

Japan    and  at  U^A'^  63-23  per  cent, 

seat  of  war.       J  ^eauis  ...    i  i-i  „  <  „ 

Units  at  the  seat  I  Recoveries  ...    54-81  „  71-58  „ 

of  war  only.      |  Deaths  ...     7-65  „  6  83  ,, 

The  reason  given  for  the  comparatively  similar  death-rate  in  both 
campaigns  is  that  "  the  Chinese  run  away  at  sight,  whereas  the  Russians 
made  so  stubborn  a  resistance  that  a  battle  sometimes  lasted  a  fortnight, 
and  forced  the  Japanese  to  transport  the  wounded  under  cover  of  night, 
besides  which,  being  short-handed,  they  conveyed  the  wounded  under 
conditions  the  urgency  of  which  interfered  with  proper  treatment." 


C'hino-Japan  War.       Busso-Japan  War. 
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